








f 
f 


VOLUME 38 NUMBER 4 








ARCHIVES 


OF 


INTERNAL MEDICINE 


EDITORIAL BOARD 


JOSEPH L. MILLER, Chicago 
RICHARD C, CABOT, Boston WARFIELD T. LONGCOPE, Baltimore 
GEORGE DOCK, Pasadena, Calif. WALTER W. PALMER, New York City 
W. S. THAYER, Baltimore 





OCTOBER 15, 1926 


PUBLISHED MONTHLY BY AMERICAN MEDICAL ASSOCIATION, 535 NORTH 
DEARBORN STREET, CHICAGO, ILLINOIS. ANNUAL SUBSCRIPTION, $5.00 





: EY 2 


at Sag uae i epee erbertosd ; rate of 


g 





; in Section 1103, Act 


e- ms 












CONTENTS OF PREVIOUS NUMBER 





SEPTEMBER, 1926. 


The Occurrence of Benign Glycosuria in Dia- 
betic Families. J. E. Holst, M.D., Copen- 
hagen, Denmark. 


Pernicious Anemia, Achylia Gastrica and Com- 
bined Cord Degeneration and Their Relation- 
ship. Roy R. Grinker, M.D., Chicago. 


The Effect of Atropine on Gastric Function in 
Man: A Quantitative Study. Chester S. 
Keefer, M.D., and Arthur L. Bloomfield, 
M.D., Baltimore. 


The Pathogenesis of Lipoid Nephrosis. Herman 


Elwyn, M.D., New York. 


Epigastric Pulsation: The Diagnosis of the 
Arrhythmia Cordis Thorugh the Epigastrio- 
gram. Nobutatsu Fukui, M.D., Tokyo. 


Mycotic Aneurysm of the Aorta. Fred M. 


Smith, M.D., and G. H. Hansmann, M.D., 
Towa City. 


NUMBER 3 


The Treatment of Polycythemia Vera (Erythre- 
mia) with Phenylhydrazine. George E. 
Brown, M.D., and Herbert Z. Giffin, M.D., 
Rochester, Minn. 


The Pharmacology and Therapeutics of Nova- 
surol. A. M. Serby, M.D., Chicago. 


The Basal Metabolic Rate in Cases of Chronic 
Cardiac Disease and in Cases of Hypertension. 
Shepard Shapiro, M.D., New York. 


The Use of Sodoku in the Treatment of General 
Paralysis: A Preliminary Report. H. C. 
Solomon, M.D.; A. Berk, M.D.; M. Theiler, 
M.R.C.S., and C. L. Clay, M.D., Boston. 


Acute Cocaine Poisoning and Its Treatment in 
the Monkey ¢Macacus Rhesus). A. L. Tatum, 
M.D., and K. H. Collins, B.S., Chicago. 


Book Reviews. 





Corvazrcnt, 1926, sy tHe American Mepicat AssoctaTION 




















Archives of Internal Medicine 


VoLUuME 38 OCTOBER, 1926 NUMBER 4 


GLANDULAR FEVER (INFECTIOUS 
MONONUCLEOSIS) * 


( \ BALDRIDGE, M.D 
F. J. ROHNER, M.D 
AND 
G. H. HANSMANN, M.D 


IOWA CITY 


Since Filatow’s' first allusion in 1885 to an idiopathic lymph 
adenopathy there have been more than 110 articles published on glandular 
fever, and about half as many articles on similar or identical conditions 
variously named. In the eighteen nineties numerous small epidemics 
were reported in England, on the Continent, and in this country. In 
1907 Turk * reported blood observations in cases with lymphadenopathy, 
and since 1920 there has been a generalized feeling that mononucleosis 
is a constant feature of glandular fever. 

Even now, forty-one years after the first recorded observations on 
the disease, there is considerable confusion, and some able clinicians are 
inclined to disregard the whole group of cases rather than draw definite 
conclusions as to the existence of a true disease entity among them. 
Until recently most important textbooks and systems of medicine con- 
tained at most only brief mention of the condition. The clinical features 
of glandular fever, including its epidemiology, symptomatology, physical 
observations and course, are abundantly described in the literature. The 
pathology has not been sufficiently studied and the etiologic agent has not 
been determined. The occurrence of a very peculiar and interesting 
blood picture in glandular fever seems to be largely responsible for the 
renewed interest in the condition and has made the diagnosis possible in 
many sporadic cases. 

It is our purpose to review the established observations to determine, 
if possible, the true significance of the occurrence of abnormal lympho- 
cytes in the blood stream, and to add our clinical, pathologic, bacteriologic 
and experimental findings in glandular fever to the existing knowledge 
of this condition. 





* From the departments of internal medicine and pathology, State University 
of Iowa College of Medicine. 

1. Filatow, N.: Lectures on the Acute Infectious Diseases of Children, 1885. 

2. Turk, W. M.: Septische Erkrankungen bei Verkummerung des Granu- 
lozytensystems, Wien. klin. Wehnschr. 20:157, 1907 
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CLINICAL DATA 

Che present study is based on observations in fifty cases, thirty-six 
of which are taken from the house records of the University Hospital, 
and fourteen from the outpatient department and private files. We shall 
also consider blood studies and other data obtained by a survey of junior 
medical students during the recent epidemic. 

Our first case was seen in 1914. Because of fever and an enlarged 
spleen, typhoid fever and tuberculosis were carefully ruled out and a 
diagnosis of ‘‘febricula” was finally arrived at by exclusion. <A similar 
case was seen in 1917. In 1918 and 1920 two cases were seen which 
because of the especially marked mononucleosis were termed “acute 
sublymphatic lymphocytosis” according to the suggestion of Turk.? In 


1922 and 1923 several cases were called “infectious mononucleosis”’ 





TABLE 1.—General Observations in Sertes 
Symptoms Pereentage Physieal Observations Percentage 

7 Fever 1) 

70 Enlarged glands ‘ 100 

68 Postcervieal... §8 

6 Pit. Ae : 86 

$ Subangular.... ; 64 

$4 Submaxillary.. 52 

38 Inguinal....... : 50 

36 Epitrochlear. ‘ 32 

+4 Submental...... 10 

4 Tender glands. 76 

( Throat injected. ‘ 58 

26 Enlarged spleen.. ; $8 

s 26 Enlarged tonsils 4 

4 To s removed 3 

24 Membranous angina 22 

; I lf Enlarged liver = 16 

Vomiting 12 Peritonsillar abscess ; 12 

Photophobia l Enlarged thyroid { 

Aphthous sore mout! 10 Tenderness in abdomen t 
Plet g 
Nerv 8 
Loss ¢ t ¢ 

} , 

ce { 





because of their similarity to patients reported by Longscope * and others 
A recognized epidemic did not begin until December, 1924, and its height 
was reached in March, 1925. Thirty-two of our fifty cases were seen 
during the first six months of 1925. 

Thirty-four of the cases were university students, six were nurses, 
six were patients receiving antisyphilitic treatment, two were physicians 
and two were school children referred from the surrounding territory. 
The youngest was a boy of 6% years; the oldest a man of 40. The age 
incidence was markedly influenced by the fact that all patients under 14 
years of age were examined in the department of pediatrics and so do 
not appear in this report. The foregoing exception was the son of a 
physician who was seen privately by one of us. The average age was 


3. Longcope, W. T.: Infectious Mononucleosis (Glandular Fever), with a 
Report of Ten Cases, Am. J. M. Sc. 164:781 (Dec.) 1922. 
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BALDRIDGE ET AL—GLANDULAR FEVER 
23.1 years. Thirty-eight of our patients were males and twelve were 
females. 

The more common symptoms and physical observations met with 
in our series are given in table 1. 

The heart, lungs and gastro-intestinal tract were essentially normal 
in all cases. In a few instances a systolic murmur was heard at the 
pulmonary area during the febrile period and transient signs of moisture 
at the bases of the lungs were occasionally encountered. Roentgen-ray 
or fluoroscopic examination of the chest was done in nine of the cases, 
but none showed mediastinal shadows or other important lesions. All 
of the thirty-six patients admitted to the hospital had fever. The highest 
temperature recorded was 105.2 F. Four cases had maximum tempera- 
tures of 104 F. or above; seven were between 103 and 104 F.; nine 
between 102 and 103 F.; six between 101 and 102 F.; two between 100 
and 101 F. and seven between 99 and 100 F. 

The relation between the pulse and the temperature was the same 


is is seen 1n other acute infections. 


LABORATORY DATA 

A transient slight albuminuria was found in 42 per cent, and 32 per 
cent showed occasional pus cells. Hyaline casts were seen in a few 
instances, while one patient developed a definite hemorrhagic nephritis. 
The Wassermann reaction was done in sixteen cases and was found to 
be positive in six. All six of these patients developed glandular fever 
while under active antisyphilitic treatment. Cultures for diphtheria 
bacilli were done in seventeen cases and six were reported suspicious, 
but in no instance was a virulent organism isolated. Widal reactions 
with both tvphoid and paratyphoid organisms were done in four cases 
and were found negative. Of the six in which tuberculin skin tests were 
done, five reactions were interpreted as negative and one as moderately 
positive. Blood cultures were done in eight instances with seven 
negative results. In one a diphtheroid bacillus grew in both bouillon 
and blood agar plates. The sputum in the few cases in which it was 
present was consistently negative for tubercle bacilli. Twenty-one of 
the cases were not examined for Vincent’s organisms. Of the remaining 
twenty-nine in which smears were made, twenty-seven were found to 
have large numbers of both the spirochetes and fusiform bacilli. Smears 
were taken directly from the membranes in seven of the eleven cases in 
which membranous angina was present and were positive in all instances. 
In the other four cases smears were not made. The blood observations 
were variable. A leukocytosis of varying degree was present in most 
of the cases, sometime during the course. In general, cases with marked 
temperature reactions showed a leukocytosis with relative polymorpho- 


nuclear increase during the febrile period. The highest percentage of 








416 ARCHIVES OF INTERNAL MEDICINE 


cells of myelocytic origin encountered was 87, while the highest per- 
centage of mononuclear cells found was 99. The highest total leukocyte 
count was 26,950. Most of the cases which were carefully followed devel- 
oped a leukopenia sometime during their course, usually in from two 
to four weeks after the onset. The lowest leukocytic count in the series 
was 3,400 

It should be stated in the beginning that any attempt to be exact in 
the classification of the mononuclear cells seen in these cases 1s a very 
presumptuous task. Weare inclined to follow the example of Longcope 
who classifies them as abnormal mononuclears. Normal lymphocytes and 
almost all conceivable varieties of abnormal lymphoid cells are present. 
Many of the cells are so atypical as to make their origin very questionable 
juire special stains to determine whether they are of endothelial 


lymphoid nature. Most of the blood counts presented here are taken 


Te 


om the case records and are the results obtained in the course oi 
routine study by interns. Doubtful and unusual cases were more care- 
fully studied 

he average of 136 counts on the fifty patients is as follows: 
Erythrocytes, 4,800,000 ; hemoglobin, 92.2 per cent; leukocytes, 10,177; 
polymorphonuclear neutrophils, 48.4 per cent; mononuclear cells, 50.2 
per cent; eosinophils, 1.1 per cent; basophils, 0.2 per cent. 

Blood counts and smears for organisms of Vincent’s angina were 

ne on sixty-seven junior medical students during the height of 


the epidemic in March, 1925. Of these, twelve developed definite symp- 


toms of the disease in question and are included in the foregoing group 


f fifty cases. The onset of the illness in each of the twelve cases was 
rather insidious, and most of the men continued to go to classes and 
mingled freely with their fellow students, since segregation seemed quite 
impracticable. The remaining fifty-five did not consider themselves sick 
enough to report to the dispensary in spite of the fact that they were 
ihout the hospital most of the time. 

The average of the blood counts in these fifty-five students is as 
follows: erythrocytes, 5,050,000; leukocytes, 8,185; polymorphonuclear 
neutrophils, 54.5 per cent; normal appearing lymphocytes, 14.5 per cent ; 
abnormal mononuclears, many of which approach the normal monocyte 


in appearance, 29 per cent; eosinophils, 1.7 per cent; basophils, 0.2 


per 
cent. The highest percentage of abnormal mononuclears seen in this 
series was 57, while the lowest was 3. The highest leukocyte count was 
14,500; the lowest, 4,100. 

Smears from the gum margins, stained with carbolfuschsin gave the 
following results: Forty-seven were markedly positive for organisms 
of Vincent’s angina containing both spirochetes and fusiform bacilli in 
large numbers ; three contained but few organisms and five were negative. 
In no case was there marked inflammation of the gum margins nor 


membranous angina. 














lig. 1 Only a tev eties of abnormal cells are illustrat ittem] 
s been made to place morphologically related cells the same row \verag 
ll types rather tl the most bizarre have been chos« Phe cells ve beet 
rawhi t scale and the icleus of the first cell in row ] represents t SIZE ¢ 
iverage red corpuscle 
Row 1 Phe first three cells 1 t Ss row are nterme ¢ lyvmp cytes W 
nly minor ons from the normal. Small vacuoles in the cytoplasm will be 
ted in the \ Phe fourth cell this row s VS ¢ lensatiol ron 
tin at the periphery of the nucleus with a suggestive clock-tace appearan rl 
tv pe t cell made up 99 per cent the circulating leukocytes ne Case 
Row 2 hese cell types occur in small percentages in mat f the cases 
Their very close approach to ordinary granular m cytes readily see 
Row 3 This yen ral tvpe iT cell, whi h in appearance ¢ osely appt aches the 
hvaline cell or the “vascular end thelial cell” ot MeJui kin, often makes up 75 pe! 
cent of the circulating leukoevtes in cases of glandular tever We have 
explanation for the small nuclear protrusions but we do not feel that they are arte 
facts. Apparently multinucleated elements such as the third cell in this row are not 
especially common, and none of them present an arrangement suggestive of a recent 
mitosis 
Row 4 These large cells with wavy inner nuclear structure and deeply bas 
philic, occasionally vacuolated cytoplasm seem no doubt lymphocytic. 1 hey do 1 
form a high percentage of the total leukocytes The cell with the basophilic 
eranules is of rather frequent occurrence in glandular fever. Such cells are larger 
and the granules are smaller and more numerous than those of the ordinary mast 
cell. 
Occasionally all of these cell types are found in the same patient The type 


illustrated in row 3 1 
usually present in large numbers to the almost complete exclusion of all other types 
The cell types in row 1 often occur in high percentages but are usually associated 


s the most frequent and when such cells occur, they are 
' 


with a few cells such as are seen in rows 2 and 4. The same type of abnormal cell 
usually persists throughout the course of the disease. This is especially true of 


those in row 3. 
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On direct questioning thirty-eight of the fifty-five admitted that they 
had two or more of the symptoms listed above, though they were in 
no instance severe. Also nineteen reported recently enlarged superficial 
glands, principally in the cervical region. 

\ll of these students were in good health six months after this study, 


\ few contrasting types of cases may be briefly cited. 


REPORT O} CASES 


Case | \. A., an unmarried woman, aged 22, stated that the onset was 
gradual with malaise and dull pain in the neck for one week before admission. A 
tooth was extracted before admission without relief. The throat was slightly 
sore. The tonsils were enlarged and red. There was general glandular enlarge 
ment especially of the cervicals, which were tender. The spleen was 8 cm. below 


the costal margin. Convalescence was much protracted, with enlargement of the 
thyroid gland and mild hyperthyroidism. The spleen was still palpable after seven 


vears 


a4 aa 40 a 





Fig. 2 (case 1).—Temperature, pulse and respirations. This patient had an 
irregular fever for a week prior to admission. 


TABLE 2.—Case 1 





Hemo- Polymor 
Red Blood globin, White Blood phonuclear Mononu- Eosino saso- 
Date Cells per Cent Cells Neutrophils  clears* phils phils 
5/26/18 Pane ‘ne 16,000 —S Bes 
5/27/18 4,430,000 98 14,200 15 RO 
4,230,000 96 12,800 16 S4 
10,600 18 x? 
6,000 18 R? 
4.000 35 65 
6/10/18 eeneeues P 3,400 32 68 
6/11/18 4,280,000 95 3,600 36 64 ; 
6/18 18 RP ee. cee - 4,000 46 52 2 4 
6/25/18 cantaacuary ae 5,800 60 38 ? 
6/31/18 vara nner és 13,400 41 59 F ‘ 
9/ 5/25 abeie sans es 7,800 54 41 3 2 
* Most of the mononuclear cells were rather large and had irregular nuclei. On one 


oceasion two nucleated red cells and some stippled cells were seen. 
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Case 2.—J. P. J., a man, aged 25, had a slight cough tor two weeks betore the 
onset, which was rather sudden with abdominal cramps, vomiting and profuse 
sweating. Prostration was not marked during the period of septic temperature. 
The left cervical and right axillary glands were 1.5 cm. in diameter. The spleen 


was not felt. Convalescence was protracted. 





Fig. 3 (case 2).—Marked septic type of temperature in patient admitted on 


second day of illness. 


TABLE 3.—Case 2 


Polymorpho 





Hemoglobin, White nuclear Mono- 
Date Red Blood Cells per Cent Blood Cells Neutrophils nuclears 
$/28/24 20) 000 
1/29/24 $840,000 98 15,150 69 31 
1/30/24 ‘ ~— Ss 12,800 
24 : ‘ 8,100 
9/15 24 3,820,000 7D +0) 60 
6/ 4/24 4,160,000 43 57 
12/21/24 ere 8,800 72 28 
5/25 $,770,000 93 S000 5? {8 


Blood smears contained very few normal appearing lymphocytes. 


Case 3.—E. N., an unmarried woman, aged 19, had a rather abrupt onset. 
She was one of three patients admitted the same day. Sore throat, tender glands 
in the neck, chills, headache, backache, nausea and general malaise were noted. 
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The cervical glands were markedly enlarged; the other lymph glands were not 
remarkable. The spleen was not felt. A blood culture was sterile. She was 
hospitalized for thirty-one days; convalescence was protracted 





Fig. 4 (case 3).—One of several recurrent febrile attacks occurring in this 
case. The cervical glands reenlarged and became acutely tender and painful with 
each recurrence of the fever. 


TABLE 4.—Case 3 





Hemo Polymor 
Red Blood globin, White Blood phonuclear Mononu Eosino 3aso- 

Date Cells per Cent Cells Neutrophils clears* phils phils 
12/31/94 17,000 70 30 

1/ 1/25 eis me ueaees 65 36 l 

1/ 2/25 a4 11,400 75 24 ] 

1/ 4/25 bs 11,100 

1/ 6/25 % = 15,000 §)> 13 

1 11,100 73 26 1 

1 6,400 7 25 . 

1 8,400 51 45 2 2 
1/% 75 7.700 37 eu 3 
102% 76 7,550 4] na) 3 





* Nearly all of the mononuclear cells were abnormal. 


Case 4.—K. K., a man, aged 26, stated that the onset was insidious with head- 
ache, malaise and anorexia. The tonsils were enlarged with a small membrane 
containing organisms of Vincent’s angina on the left. There was moderate gen- 
eral glandular enlargement. The spleen was not felt. The urine contained blood 
and a few casts for six months. Convalescence was protracted; recovery was 
complete. 
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Fig. 5 (case 4).—Almost complete absence of fever with marked mononucleosis 
There was no history of acute onset or marked febrile reaction prior to admission 


TABLE 5.—Case 4 


Hemo Polymorpho 
Red Blood globin, White Blood nuclear Mono- Fosino 

Date Cells per Cent Cells Neutrophils nuclears* phils 
11/27/22 20,000 
11/28/22 1,830,000 7 21,250 9 o 1 
11/29/22 . . 20,500 9 1 
11/30/22 26,950 15 SS 
l 1/22 . 25,200 13 &6 1 
12/ 2/22 ~ 14,700 11 Ss 1 

l 1/22 12,400 14 s6 

| Jo” 10,500 56 14 

l 8/22 ‘ 8,250 4] 59 

12/11/22 7,100 
12/14/22 ce 6,500 32 63 5 
12/18/22 an 6,700 . 

12/26/22 : 6,300 +4 

1/ 628 4,370,000 80 7,200 59 10 1 


* Many of the mononuclear cells were large with irregular lobulated nuclei. 


REACTION OF LEUKOBLASTIC TISSUE TO FOREIGN PROTEIN 
Four of our patients were given 25,000,000 killed typhoid bacilli 
intravenously during the course of their illness. The blood report during 
the subsequent reactions is recorded in table 6. The averages are in 
absolute numbers, and percentages were obtained by counting 200 cells. 


The temperature reactions were all very similar. 
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4016 





lig. 6.—The febrile reaction following inoculation of 25,000,000 killed typhoi 
bacilli; this was more prolonged and irregular than is usually seen and was asso 
ciated with marked constitutional symptoms. 


FABLE 6.—<Average Blood Observations in Absolute Numbers Per Cubte Millimet 


After Intravenous Injection of Killed Typhoid Bacilli in Four Cases 


Poly Normal Abnormal Eosino 
Leuko morphe Lympho Mono- phils and 
cytes nuclears cytes nueclears Basophils 
Before vaccine.. 6,375 3,350 L5&5 1,403 37 
> hours after vaceine 13,900 11,390 1,054 1,356 100 
7 hours after vaccine 9,338 7,085 912 1,326 15 
’4 hours after vaccine... 7,075 3,536 1,097 1,997 145 


BACTERIOLOGY 

The six glands removed were each divided under aseptic conditions 
and half was used for histologic study and the other half for bacteriologic 
examination. Cultures were made in veal bouillon, on plain agar and on 
blood agar. Diphtheroid bacilli were obtained from four of the six 
glands. In three instances the cultures were pure. In one there was 
also Staphylococcus albus, which later overgrew the medium to such an 
extent that we did not isolate the diphtheroid from this case in 
pure culture. Of the remaining two glands, the cultures in one remained 
sterile and in the other a very small, rapidly growing avirulent coccus 
was obtained. Initial growth of the diphtheroid bacilli occurred only 
in the veal bouillon. 
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Our efforts were focused particularly on the three diphtheroid organ- 
isms obtained in pure cultures. Studies were made by two groups of 
observers independently and the results correlated. Initial cultures grew 
very slowly requiring from five to seven days for clouding of the 
mediums. Subcultures grew somewhat more rapidly. The organisms 
also grew in subculture on serum-eglucose-meat-infusion-agar and on 
Dorset’s egg medium. 

The organisms isolated from two of the cases were alike morph- 


ologically, in staining characteristics and in the fermentation of various 


sugars. ‘These organisms were short, slender rods with beaded ends 
and were often slightly curved. They stained poorly with methylene 
blue and were gram-positive. They produced neither acid nor gas in 
dextrose, lactose, saccharose, maltose, mannite, salicine, dulcite or 
raffinose. The third organism differed somewhat in morphology, cul- 


tural characteristics and in the fermentation of sugars. This organism 
was longer, thicker and more curved than the foregoing, and after 
numerous subcultures grew fairly well on plain agar and on blood agar 
It also produced acid in dextrose, lactose, saccharose and maltose. 

Gland emulsions were inoculated subcutaneously into twelve guinea- 
pigs with negative results. Six rabbits were given gland emulsions 
intravenously with negative results except for two immediate (embolic ) 
deaths. Twelve guinea-pigs were injected either subcutaneously in the 
groin or intraperitoneally with veal bouillon cultures of the organisms 
\ fever of from 1 to 3 degrees lasting from four to five days resulted 
hut there was no gross adenopathic condition and very few symptoms. 
Six pigs were killed and examined at necropsy ten days after inocula- 
tion, but again no gross adenopathic condition was found and the organ- 
isms were not recovered from the glands. Histologically, the regional 
nodes were not hyperplastic as compared with those of normal pigs 
oft the same age. 

Serums were obtained from three convalescent patients. Two of 
these were patients from whom glands had been removed and from 
which diphtheroids were cultured. Neither specific agglutinins nor 
precipitins for any of the three cultures of diphtheroid bacilli could be 
demonstrated in these serums. 

Dark field studies on the tissue juices from the glands were uniformly 
negative for spirochetes and other motile organisms. 

\s has already been stated, diphtheroid bacilli were isolated from six 
of the seventeen cases in which throat cultures were done, as well as 
from one of the eight blood cultures which were taken. 

In our fifty cases twenty-seven of the twenty-nine examinations for 
organisms of Vincent’s angina were positive. Seven of these smears 
were taken directly from membranes in the mouth or pharynx and the 


remainder from the gum margins. Forty-seven positive and_ three 
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doubtful smears were found among the fifty-five medical students in 
whom smears were made from the gum margins. Similar smears from 
fifty general medical patients who had neither enlarged glands nor mono- 


nuclear increases in the blood yielded forty-one positive results. 


PATHOLOGY 


Axillary lymph nodes were removed from six of our patients, at 


intervals varving from four days to six months after the onset. All 





Fig. 7—Tissue showing six mitotic figures and variation in size and shape of 
the lymphoid cells (> 150 slightly reduced). 


glands were very similar both in gross and microscopic appearance. The 
size varied from 2 to 3 cm. in diameter and the glands were very soft 
and spongy. They were kidney shaped with distended white capsules and 
cut sections were uniformly gray and granular. Histologically, the 
architecture was for the most part discernible though there was much 
distortion by the marked lymphoid hyperplasia which compressed the 


sinuses and distended the capsules. Some germinal centers were replaced 
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by uniform lymphoid hyperplasia. Mitoses were numerous (6 per high | 
power field) in the germinal centers and lymphatic cords, and a few were 
seen in the lining of the lymph sinuses. An occasional eosinophil was 
also seen. In all glands there was a very marked variation in the size 
of the lymphoid cells, many of which were found free in the lymph 
sinuses. Marked irregularities were common in the nuclei of the cells 


both in the sinuses and in the Ilvmphatie cords. Some of these nuclet 





Fig. 8—Tissue showing the variation in size of lymphoid cells in the lymph 


sinuses and the difference in the affinity of the nuclei for hematoxylin (x 900 


slightly reduced ) 


were lobulated and indented and resembled in shape the abnormal cir- 
culating elements. “There was no increase in the fibrous reticulum, and 
no necrosis or evidence of repair in the gland which was removed six 
months after the initial attack of glandular fever. 

A close resemblance, histologically, between the glands of glandular 


fever and those of the malignant Ivmphomas, especially Hodgkin’s type, 
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has been pointed out by Sprunt and [vans * and by Longeope.*  Collee- 
tions of very small lymphocytes, a finding stressed by Downey,” was not 


a prominent feature in the glands from our patients 


COMMENT 


E:tiology.—The causative agent in glandular fever has not been deter 
mined, though the condition has from the first been considered an infec 
tious disease. Jamison" in a recent article states: “Pteiffer claimed 
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Fig. 9.—Diphtheroid bacilli obtained trom a culture of the glands (& 900 


slightly reduced). 


to have isolated the influenza bacillus from the glands and blood of 
patients suffering with this disease.” We have not been able to verify 


4. Sprunt, T. P., and Evans, F. A.: Mononuclear Leukocytosis in Reaction 
to Acute Infections (Infectious Mononucleosis), Bull. Johns Hopkins Hosp 
31:410 (Nov.) 1920. 

5. Downey, H., and McKinlay, C. A.: Acute Lymphadenosis Compared with 
Acute Lymphatic Leukemia, Arch. Int. Med. 32:82 (July) 1923. 

6. Jamison, C. S.: Glandular Fever, New Orleans M. & S. J. 75:346, 1923. 
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this statement by a review of the original articles of both E. Pfeiffer,’ 
who described glandular fever, and R. Pfieffer, who deseribed Bacillus 
mfluensac. 

Iorsakoff,. Lublinski," and numerous of their contemporary German 
clinicians were quite uniformly of the opinion that a streptococcus gain- 
ing entrance through the upper respiratory tract was the important 


etiologic agent in “Dreusenfieber.” Their reasons for such conclusions 
were briefly as follows: the clinical course of the disease ; the appearance 
of the throat; the predominance of streptococci in the cultural flora of 
the upper respiratory tract; the occurrence, though rarely, of a rash 
not unlike that of scarlet fever, and the few cases in which there devel 
oped an hemorrhagic nephritis. In Neumann's series of thirty-seven 
cases, half developed suppurative adenitis and the pus contained strep 
tococcl. One case of streptococcic meningitis > was met with, and in 
another fatal case > streptococci were isolated from the enlarged cervical 
lymph glands at necropsy. Schleissner,'' who also reported glandular 
fever without blood counts, found hypertrophied adenoids in all of his 
patients, and he felt that the adenoids were probably the portal of entry 
of the infectious agent. Throat cultures from his patients showed strep 
tococei and staphylococci. Marchand '* reported a fatal case of strep 


tococcic septicemia with enlargement of the spleen, liver and lymph 


elands, in which there were 85.5 per cent lymphocytes. The total leuko- 
cyte count, however, was only 2,100. Turk ? spoke of a similar case in 
which the superficial Ivmph nodes were enlarged but the liver and 
spleen were not palpable. The leukocyte count was only 940 and in the 
differential study, 532 cells were counted without a single polymorpho- 
nuclear leukocyte being seen. Some of the Ivmphocytic cells were 
atypical. A culture of the heart’s blood at necropsy resulted in the 
erowth of a single colony of Staphylococcus aureus. Deussing '* referred 
to a ease of Ludke’s in which there were 82,000 leukocytes with 85 per 
cent lymphocytes. The case was diagnosed streptococcic tonsillitis. 


Cabot '* reported a case of lymphadenitis and mononucleosis fol 
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41:321 ; 42:193, 1905 
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10. Neumann: Glandular Fever in Childhood, abstr., Arch. Pediat. 11:691, 1894. 
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12. Marchand, F.: Ueber ungewohnlich starke Lymphocytose im Anschluss 
an Infectionen, Deutsches Arch. f. klin. Med. 110:359, 1913. 
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lowing infection by an unknown organism at the necropsy table. 
\nother of Cabot’s cases occurred during an epidemic of streptococcic 
sore throat, and a third patient had persistent boils 

\lthough nearly all the early observers, both in Germany and in 
england, considered glandular fever as a disease entity, they nevertheless 
gave considerable space to the differential diagnosis between this condi 
tion and atypical forms of influenza, measles, mumps and scarlet fever 
he suspicion that glandular fever might be only an unusual form of 
some common infectious disease naturally influenced ideas as to etiology. 
To most authors the condition, if not a true entity, seemed to resemble 
atypical scarlatina more closely than any other disease. Cervical adeno 


1 


course, very common in searlet fever, and Tileston and 


pathy 1s, 0 
locke} have since (1905) shown that in the second, third and fourth 
weeks of scarlet fever there is gradual rise in the percentages of mono 
nuclear cells until they equal or often considerably exceed the number of 
granulocytic cells. In some of our own cases the throat was quit 
reddened, while in one there was a very temporary erythematous flush 
to the skin, and one patient developed an hemorrhagic nephritis 

It seems to us that in evaluating the evidence favoring a streptococcic 
etiology in glandular fever, we must first exclude all cases in whicl 
there is reasonable doubt as to the diagnosis. The fatal case reported 
by Korsakoff * in which streptococci were demonstrated in the glands 
did not occur during an epidemic, and the fever was quite irregular 
from the first. The same may be said of the case with streptococcic 


meningitis. Since Neumann's!’ series of cases, suppuration has been 


excessively rare in glandular fever, and some recent observers would 
exclude all cases that suppurate. Blood studies were not reported by 
either Korsakoff * or Neumann.'" Marchand’s ** case presents an inter 


esting picture of Ivmphoid hyperplasia and bone marrow exhaustion 
occasionally seen in severe sepsis. We have had two such cases, but we 
do not consider them in any way related to glandular fever. Turk’s * 
case 1n all likelihood was either sepsis with bone marrow exhaustion or 
acute aleukemic leukemia, and clinically because of purpura and a 
peculiar infiltration of the lip it resembled more closely the latter. 
Cabot’s ** cases were also sporadic and he himself did not consider them 
to be glandular fever. With all dubious evidence removed, there may 
still be cause for a well grounded suspicion that streptococci are 
etiologically related to glandular fever but the facts are not numerous 
or impressive. 

Koplik suggested that the infection might be gastro-intestinal, being 
conveyed to the glands of the neck by the thoracic duct. This theory 

15. Tileston, W., and Locke, E. A.: The Blood in Scarlet Fever, J. Infect. 
Dis. 2:375, 1905. 
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seems to have presented itself because in a large percentage of the cases 
adenopathy was first noted in the cervical glands of the left side, espe- 
cially just above the clavicle. An epidemic thought to be spread by milk 
Was reported by Jackson. ® Recent observers have not seemed to note 
the same regularity of onset in the left cervical glands which was 
stressed by earlier writers and there seems to be no constant gastro-intes- 
tinal symptoms associated with the condition. 

Some clinicians, notably Lublinski® and Turk,’ felt that there was 
some relation between glandular fever and status thymolymphaticus 
To us the relation seems remote, indeed, and since status thymolympha- 
ticus is perhaps one of the least understood conditions in medicine at 
present, its association with glandular fever is neither helpful nor 
justifiable. 

Jamison ° reminds us that interest has been aroused in glandular 
fever following both great epidemics of influenza. 

In 1918 Deussing '* reported three cases of membranous angina asso- 
ciated with enlarged glands and an absolute mononucleosis. Positive 
cultures for diphtheria bacilli were obtained in each case and antitoxin 
was given with ultimate recovery. Virulence tests on the organisms 
were not reported. Coon‘? in 1922 cultured a diphtheroid organism 
from a gland in a rather typical case. The material for culture was 
obtained by injecting saline solution into the gland and then withdrawing 
it. Our own results showed that throat cultures were taken in seventeen 
cases. In six of these diphtheria-like organisms were found, but none 
of them were proved to be virulent. A diphtheroid bacillus was also 
found in the blood culture of one of our patients. This organism grew 
in the bouillon and on all of the three blood agar plates. A similar diph- 
theroid was cultured from four of the six glands removed. 

The evidence favoring a diphtheroid organism as the direct etiologic 
agent in glandular fever may be more apparent than real. It must not 
be forgotten that diphtheroids are a very frequent chance observation in 
throat cultures; that such organisms frequently contaminate mediums, 
coming supposedly from the cotton stoppers, and that similar bacillt 
have been isolated from lymph glands and other tissue in a long series 
of diseases, most notably scarlet fever and Hodgkin’s disease. When 
first isolated from the lymph glands in scarlet fever, they were thought 
to have an etiologic relationship to that disease, and the same was true of 
Hodgkin’s disease. We therefore do not accept the presence of diph- 
theroid organisms in the lymph glands as proof of their etiologic rela- 
tionship with the disease process that is present. Coon '* found his strain 
of organisms to be pathogenic for and recoverable from guinea-pigs, but 

16. Jackson, G. S.: The Glandular Fever of Childhood, Lancet 2:979, 1897 

17. Coon, H. M., and Thewlis, E.: Infectious Mononucleosis, Wisconsin M. J. 
21:191 (Oct.) 1922. 
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we have been unable to substantiate his findings in this regard. That 
some diphtheroid bacilli do have a degree of pathogenicity 1s shown by 
the fact that one of us recently isolated such organisms in pure culture 
as the only organism present in an abscess of the thyroid gland. It 1s 
difficult to understand how these or any other organisms could lead a 
purely saprophytic existence within the lymph glands, but their relation 
ship to the many diseases with which they have been associated is not 
definitely known. 

Bloedorn and Houghton !?* found Vincent's organisms in three of 
their four cases and suggested the possibility of a relationship between 
the two conditions. Similar observations were reported in three of 
Longcope’s * cases as well as in some other isolated instances. 

Reference to our observations will show that spirochetes and fusi 
form bacilli are frequently found both along the gum margins and 
associated with definite membranous lesions in glandular fever. The 
frequent chance finding of such organisms in conditions unrelated to 
glandular fever seems to demonstrate the fact that Vincent’s organisms, 
like the pyogenic cocci and diphtheroid bacilli, though often present in 
the mouth or throat of patients with glandular fever, are by no means 
of necessity associated etiologically with the condition in question. The 
possibility of glandular fever being a spirochetal disease of any type 
seems rather remote since six of our patients developed the disease while 
under active antisyphilitic treatment with arsenic and mercury, and since 
the dark field study of the excised glands failed to reveal spirochetes. 

From the foregoing considerations it is obvious that we can have at 
the present time only preconceived notions as to the etiologic agent in 
glandular fever. We are therefore not attempting any interpretation of 


the mass of conflicting and inconclusive evidence at hand. 


EPIDEMIOLOGY 


Reports of glandular fever in epidemic form are numerous. Pfeiffer * 
spoke of the condition as occurring in small “house” epidemics and 
affecting only children. Reports of similar small epidemics affecting 
families or otherwise closely associated children were numerous in the 
twenty years following Pfeiffer’s description of the condition in 1889 
Williams,’* Coutts,?”. Fisher.?! Chapman,’ Matheson,** Jackson ?® and 

18. Bloedorn, W. A., and Houghton, J. E.: The Occurrence of Abnormal 
Leukocytes in the Blood in Acute Infections, Arch. Int. Med. 27:315 (March) 
1921. 

19. Williams, D.: A Note on the Glandular Fever of Childhood, Lancet 1:160, 
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20. Coutts, J. A.: The Glandular Fever of Childhood, Lancet 1:346, 1897. 

21. Fisher, T.: The Glandular Fever of Childhood, Lancet 1:407, 1897 
22. Chapman, C. W.: The Glandular Fever of Childhood, Lancet 1:555, 1897. 
3. Matheson, J. K.: Glandular Fever, Lancet 1:192, 1904 
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Byers?! reported small epidemics from England, while Hesse,? 
Hoerschelmann,?°) Schleissner,'!) Lublinski,”) Marrimon,** Neumann ! 
and others gave accounts of similar epidemics in Germany. Worsakoft > 


reported one large and some small epidemics trom Moscow, and while 
the French literature of the time contained a few accounts of epidemics, 
there seemed to be a concensus of opinion among French clinicians that 
the condition was not a true disease entity. Among the larger epidemics 
are those reported by West,?> ninety-six cases in children in eastern 
Ohio; WKorsakott,” fittv-four adult cases among Russian soldiers; Tidy 
and Daniel,** twenty-four cases occurring in a boys’ school in England ; 
Guthrie and Pessel,*’ about 300 cases from a bovs’ school in New Jersey ; 
Gilbert and Coleman,*! more than 100 cases from New York State, 
and our own epidemic of thirty-two adult cases. In the later epidemics, 
blood studies have been made which seem to show the identical nature otf 
glandular fever and infectious mononucleosis. Many other small 
epidemics that have never been reported have come to our attention, 
especially in the last vear. 

Krom our studies on apparently healthy medical students during the 
epidemic, we have been led to believe that the infection is often much 
more widespread than is appreciated and that many of our own, as well 
as other, sporadic cases are only the more marked instances of a small 
epidemic, many of the cases in which are so mild as to escape notice. 

The occurrence of these very mild unrecognized cases has made it 
dithcult to follow accurately the spread of the infection or to ascertain the 
incubation period. In cases with known exposure and sudden onset, the 
incubation period seems to vary between five and nine days. It should 
be noted that this period of incubation is about midway between that of 
scarlet fever, diphtheria and influenza on the one hand, and measles, 
mumps and varicella on the other. 

Children are no doubt more easily affected than young adults, and 
persons past middle life, rarely develop the condition; at least clinically. 
Sex has little influence, though the larger epidemics have been among 
males. 
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The usually very mild nature of the affection, together with the great 
difficulty in establishing the diagnosis in very mild cases, lead us to con- 


sider isolation of cases as impracticable. 


SYMPTOMATOLOGY AND PHYSICAI OBSERVATIONS 


The individual symptoms and their relative frequency can best be 
seen by reference to table 1. Symptoms not tabulated here have been 
met with more or less frequently by other observers. It should be 
emphasized that any combination of symptoms with all degrees of 
severity may be manifest. 

The same applies to the physical observations. The number and 
distribution of enlarged lymph glands is most variable. In some cases 
it is necessary to search carefully to find the enlarged glands while in 
others the contour of the neck is completely obliterated and the axillae 
and groins actually bag down with masses of enormously enlarged, very 
soft and tender glands. Usually some glands are present at the onset 
but the number and size often increases for the first few days. We have 
noted in a fair percentage of the cases that the initial adenopathy 1s 
confined to the left cervical region with an involvement later of other 
groups. The glands vary from a few millimeters to + cm. in diameter. 
In our cases the larger glands have nearly always been soft and spongy. 
The glands that were removed always proved to be larger than had been 
anticipated, probably because of their very soft consistency. Tender- 
ness in the glands varies from day to day, but usually is most marked 
at, or soon after, the onset. At times the tenderness is only moderate, 
but many cases have been seen in which the glands were too tender to 
allow of satisfactory palpation. Our apprehension regarding suppura- 
tion is becoming less and less, because of the extreme rarity of its occur- 
rence in reported cases, and because we have repeatedly seen large groups 
of exquisitely tender glands subside without surgical intervention. The 
appearance of the throat is often characteristic. The lymphoid follicles 
of the pharyngeal wall are hyperplastic and have a peculiar translucent 
appearance. The frequent occurrence of membranous angina should not 
be overlooked. In such cases the membrane is a dirty gray color and 
usually occurs over the tonsils and pillars and occasionally over most 
of the buccal and pharyngeal mucous membranes. There is nothing in 
the gross appearance of the membrane which could be relied on to rule 
out diphtheria, scarlatinal angina or Vincent’s angina. The spleen, when 
enlarged, is soft and elastic with a rounded edge. 

Modes of Onset and Clinical Course —1. The onset may be sudden 
with a high fever, either of the septic tvpe or more or less sustained for 
a few days. Chills are rather frequent. In such cases there are asso- 
ciated many of the symptoms that are more_or less common to all acute 
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severe infections, such as headache, prostration, nausea, vomiting, ete., 
but there are no localizing signs of infection. There usually is a leuko- 
eytosis with a high percentage of neutrophilic polymorphonuclears. Such 
cases often show little adenopathy. 


» 


\ second type of onset is with fever, sore throat and membranous 
angina. In these cases the fever usually is less than in the foregoing type. 
Constitutional symptoms also are less marked, and a few glands usually 
are present from the beginning. The initial blood count often shows 

moderate leukocytosis with about the normal percentage of poly- 
morphonuclear cells. 

3. Another type of onset is with some fever and tender glands, but 
with nothing in the throat except the granular appearance described 
above 

+. The initial symptoms may be entirely abdominal with pain, fever 
and leukocytosis, and glands appear days later. 

5. The fifth type of onset is so insidious and the symptoms so mild 
that the patient neither stops work nor consults a physician. This group 
includes such cases as we found among medical students in whom blood 
smears showed a mononucleosis, and in some of whom enlarged and 
slightly tender glands were found on careful examination. 

We have not observed any particular relationship between the type 
of onset and the subsequent course. Convalescence is often markedly 
protracted. The glands persist for a variable period. In some cases 
they return to about normal size in a few days and apparently remain 
normal. In others the glands remain slightly enlarged for a period of 
months or even years. In still others there are periods in which the 
glands reenlarge and become tender at variable periods after the initial 
attack. Such recurrences are often associated with some fever and 
many of the symptoms of the original infection. We have followed one 
patient through four such attacks in the last three years. The spleen 
is usually enlarged only for a few days, but we have one patient in whom 
the spleen was much enlarged at the onset and has remained palpable for 
seven years without other known cause. 

The blood count is often very slow in returning entirely to normal 
though most of the abnormal cells disappear after the first few weeks. 
Blood counts have been made at many intervals from a few weeks to 
seven vears after the initial infection and in practically all we have 
found some abnormal mononuclear cells, although the percentages often 
have not been high. [Exacerbations or recurrences are associated with 
an increased mononucleosis. 

Pathology.—TVhe difficulties in pathologic diagnosis will present them- 
selves in those conditions characterized by extreme lymphoid hyperplasia, 


in which no etiologic factor can be demonstrated and there is no charac- 
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teristic histologic appearance. Many of the diseases that clinically 
resemble glandular fever can be diagnosed by the removal of a gland 
that contains either the etiologic organism or some characteristic his- 
tologic appearance, for example, tuberculosis, syphilis, typhoid fever and 
tularemia. The pathology of lymph glands, hyperplastic as the result of 
acute or subacute infections, is little known, and the difficulties that might 
arise in differentiating histologically such conditions from glandular fever 
are not appreciated. The hyperplasia in glandular fever is extreme and 
many atypical lymphoid cells are evolved. The process compresses the 
sinuses and obscures the architecture, but we have no assurance that this 
condition cannot be simulated by other acute infectious Iymphadeno- 
pathies. The histologic diagnosis of glandular fever must not therefore 
be relied on too implicitly. The hyperplasia of the lymph nodes and the 
atypical cells evolved are more marked in glandular fever than in any 
other acutely enlarged lymph nodes that we have studied. 

The malignant lymphomas (lymphocytic leukemia, Hodgkin’s disease 
and lymphosarcoma) are distinct problems in histologic differentiation. 
In those cases of malignant lymphoma in which the architecture is 
obscured and the peripheral sinuses obliterated by lymphocytic or 
lymphoblastic cells of uniform size the diagnosis is easy. But as 1s 
often the case in so-called Hodgkin's disease the cells may vary in shape 
and size and such histology differs but little from that seen in glandular 
fever. In these instances the helpful points are: In glandular fever 
some sections are apt to show remains of germinal centers, the sinuses 
are still in evidence and the very large tumor cells of Hodgkin’s disease 
are not present. Also in glandular fever there is no evidence of necrosis 
or fibrosis. 

Blood.—The attention of a few clinicians and hematologists has 
recently been focused on glandular fever, largely because of the interest- 
ing blood abnormalities. “Total leukocyte counts, differential findings and 
abnormal colorless elements have been discussed by many authors includ- 


18 


ing Turk,? Sprunt and Evans,‘ Bloedorn and Houghton,’* Longcope.* 
Tidy and Daniel,?? Downey and McKinlay ° and others. 

Our own observations as to the total leukocyte counts have. for the 
most part, been in accord with those of previous authors. sa rule there 
is a leukocytosis some time during the course of the disease, usually at 
the onset. In the vast majority of the cases the increase is only moderate, 
that is not above 20,000 per cubic millimeter. In two of the fifty cases, 
counts above 20.000 were found. Total white counts below the average 
normal were met with rather frequently, often during convalescence. 
This point has not been especially stressed in the literature to date. 

An interesting feature in the differential counting is the fact that the 


percentage of mononuclear cells averages much higher in sporadic cases 
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than in epidemic cases. This observation is true for the epidemics 
reported by Tidy and Daniel?’ Guthrie and Pessel.*’) Gilbert and 
Coleman,*' as well as our own. During an epidemic there are many cases 
in which there is a definite acute febrile onset and in such instances there 
is also an initial polymorphonuclear increase. .\lthough there is no rigid 
parallel between the degree of fever and the polymorphonuclear increase, 
there is at least a definite relationship. The mononucleosis gradually 
develops as the fever subsides. In most cases this is not only a relative 
increase made evident by the decrease in the polvmorphonuclear elements, 
but there 1s also a definite absolute increase in both numbers and varieties 
of abnormal mononuclear cells. .\ somewhat similar tendency was noted 
by Tileston and Locke '*’ in the blood of patients convalescing from 
scarlet fever 

We feel that the apparent discrepancy in the degree of mononucleosis 
reported in sporadic and in epidemic cases can be readily explained on 
the following basis: The differential diagnosis between glandular fever 
and nonspecific upper respiratory infection with cervical adenitis is 
notoriously difficult, and consequently many cases with cervical adenitis 
are dismissed as “upper respiratory infection”” when the first blood 
count shows a polymorphonuclear increase. In the presence of an 
epidemic these cases are apt to be more carefully followed and subse- 
quent blood examinations reveal a mononucleosis of moderate to marked 
degree. In many sporadic cases, the onset is some time before their 
application for treatment which is sought only because of persistent 
glands, slight febrile attacks or continued and troublesome symptoms, 
and consequently blood counts are not done during the acute febrile 
onset. 

\merican clinicians and hematologists are quite well agreed in con- 
sidering the mononucleosis of glandular fever as being due to an absolute 
increase in lymphocytic cells, many of which are forms not commonly 
seen in the blood of normal subjects. Baader,*? Hopmann ** and some 
other German writers feel that many of the abnormal cells are monocytes, 
and occasionally one sees reports of apparently very similar blood pic- 
tures in which the abnormal cells are called myeloblasts. 

The following is a general description of the abnormal cells: The 
size varies from but little larger than the small lymphocyte to cells as 
large or even larger than the largest cells of normal blood which prob- 
ably have their origin in the reticulo-endothelial system. The inner 
structure of the nucleus in some is like that of the normal lymphocyte 
in that it is made up of irregular bands of chromatin, which give it a 

Baader, E.: Die Monocytenangina, Deutsches Arch. f. klin. Med. 140:227 
(Sept.) 1922. 
33. Hopmann, R.: Akute Infektiose Stamxellenvermehrung im Blute mit 
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rather wavy appearance. Nucleoli are not at all common. The outline 
of the nucleus varies markedly, being round or oval, bean or horse shoe 
shaped, or irregularily lobulated and indented. Occasionally nuclei are 
met with in which there is a very marked condensation of chromatin near 
the periphery elving a suggestion of the clock faced appearance seen in 
plasma cells. In one case Downey ® found cells which, in appearance 
and staining reaction, resembled closely the stem cell. In such cells the 
nuclei are round with a rather uniform dispersion of fine chromatin 
threads and nucleoli are present. The chromatin arrangement within the 
nuclei of many of the cells in our series was very close to that seen in 
normal monocytes. 

The cytoplasm of the cells under discussion varies somewhat 1n 
amount but is usually more abundant than in the normal lymphocyte. In 
some of the cells the cytoplasm stains quite deeply basophilic, while in 
others (in our experience, the majority) there is only a faint outline 
of blue about the periphery while the remainder of the cytoplasm 1s 
almost hyaline. Stained with modifications of the Romanowski method 
there is great variation in the number and size of azurophil granules. In 
some cells there are no granules, while in others there are a few large 
rigidly spherical granules and in still others there are vast numbers of 
very small irregularily shaped acidophilic granules which are so very 
small and are so arranged as to resemble a reticulum 

From the first we have had great difficulty in classifying the abnormal 
cells because of the fact that all gradations between small lymphocytes 
and normal monocytes were present. Two methods for differentiation 
presented themselves, viz., peroxidase reaction and McJunkin stain. Some 
cells having their origin in the reticulo-endothelial system contain a small 
amount of the peroxidase ferment, and when stained by the McJunkin 
method the cytoplasm resembles that of the neutrophilic polymorphonu- 
clear leukocyte more than the lymphocyte. Vital staining was not done 
though we feel that it probably would give a more accurate index to 
functional activity than either of the foregoing methods. The study of 
fresh preparations will also be made in an effort to better establish the 
relationships of these abnormal cells. With most special stains and 
especially in the peroxidase reaction, the finer structure as seen with 
Wright’s stain is not well brought out, so that individual cells cannot be 
well compared in the two stains. The percentages of cells showing the 
staining characteristics of monocytes were not especially high in any 
of the cases studied, varying from 6 to 12 per cent of the total number of 
leukocytes. 

[t would seem, however, that not all cells that are of endothelial or 
reticulo-endothelial origin can be identified by either the peroxidase 
reaction or the McJunkin stain. This is especially true of the large, 
irregularly outlined hyaline cells which are often seen in normal blood 
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and which often form as much as 75 per cent of the total circulating 
leukocytes in cases of glandular fever. 

In a discussion of the blood picture in glandular fever, the following 
facts seem to indicate a lyvmphogenie origin of the abnormal cells: 

1. Histologically the greatest activity in the lymph nodes is in the 
germinal centers and lymphatic cords. 

2. Cells resembling in size and shape the abnormal circulating 
elements are present in the germinal centers of the hyperplastic lvmph 
glands, as well as in the lymph sinuses. 

3. The greatest and most consistent apparent pathologic change of 
the disease is in the lymph glands. 

4. Many of the circulating cells have the staining characteristics, the 
nuclear structure and the azure granules of lymphocytes. 

5. very marked scarcity of normal circulating small lymphocytes ts 
often an outstanding features of the blood picture. 

As favoring an endothelial or reticulo-endothelial origin of these cells 
one might cite the following observations : °! 

1. Mitotic figures are met with in the endothelial lining of lymph 
sinuses. 

2. Occasionally very high percentages (75 per cent) of the circu- 
lating cells are morphologically and in staining characteristics very similar 
to those of normal blood which are sometimes called hyaline cells and 
which MeJunkin feels have their origin from vascular endothelium. 

3. The degree of mononucleosis is often not proportional to the 
degree of hyperplasia of superficial lymph nodes. 

+. The special staining methods that we have used are not specific 
enough to prove the nonendothelial nature of these cells and vital stain- 
ing and investigation of the phagocytic and ameboid powers of these 
cells have not been done. 

5. Hematologists are not vet fully agreed as to the origin and status 
of that group of cells which are variously named transitional cells, large 
mononuclears, endothelial leukocytes, splenocytes, monocytes, ete. 
Reliable specific tests for this bizarre group of cells would be of great 
help in establishing the blood picture of glandular fever, since morphol- 
ogy alone is apt to lead one to false conclusions. 

\fter numerous unsuccessful attempts to arrive at a simple and 
accurate method for subdividing this group of abnormal colorless 
elements, we finally concluded to follow the example of Longeope in plac- 

34. J. Hatzieganu and I. Goia (Bull. et mém. Soc. méd. d. hop. de Paris 2:69 
[Jan. 16] 1925) report a case of monocyte angina. Because of the response of 
the abnormal mononuclear cells to injections of epinephrine, the authors concluded 
that these cells were not lymphogenetic. 
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ing all such cells in one large group to be spoken of as abnormal mono- 
nuclears. This course seems wise, for the present at least, for two 
reasons: first, because any attempt at dividing the abnormal cells into 
groups leads to stilted classifications based on slight morphologic differ- 
ences, and varying with different observers ; and, second, because accord 
ing to the monolistic theory of blood origin the lymphocytes and 
monocytes are closely related and in some stages of embryonic life 
Maximow * has found all stages of transitional forms from lympho- 
cvtes to monocytes. 

We are by no means sure that the blood percentages in glandular 
fever are significant of more than an acute nonsuppurative hyperplasia 
of lymph nodes. It has already been noted that a lymphocytosis is a 
common occurrence in convalescence from scarlet fever. Tileston and 
locke did not try to corre late the degree of lymphoeytosis with the 
amount of evident Ivmphatic hyperplasia, nor did they speak of the 
occurrence of abnormal Ivmphocytes in the blood. The mononucleosis 
of whooping cough is explained by Friedlander *° as being due to hyper 
plasia of the trachiobronchial lymph glands. Typhoid fever and syphilis 
are associated with Ivmphoid hyperplasia, and exophthalmic goiter 1s 
often associated with some lymphoid hyperplasia as well as lymphoid 
infiltration of the thyroid gland. Many other less common conditions 
are associated with a lymphocytosis as well as hyperplasia of the fixed 
lymphatic tissue. It is usually considered that in such diseases the 
lvmphocytosis is only relative and is made apparent by the scarcity of 
granulocytes. We have found in a great many cases of this sort that 
the lymphocytosis is in reality absolute, that is, more than 25 per cent of 
8,000 or 2,000 cells. And now we come to the fact that many observers 
have noted the presence of abnormal mononuclear cells in the blood of 
patients with lvmphocytoses and lymphoid hyperplasia from various 
causes. Naegeli** speaks of their occurrence in intoxications, such as 
Basedow’s disease, as well as in infectious diseases, for example, typhoid 
fever. By a careful study of the stained blood, we were able to find 
variable percentages of pathologic lymphocytes in the blood of many 
patients in which there was no suspicion of glandular fever. This group 
included : (1) three cases of serum sickness in which there was a marked 
generalized lymphadenopathic condition; (2) one case of streptococcic 
infection of the foot with inguinal adenitis ; (3) one case of suppurative 
staphylococcic cervical adenitis; (4) several cases of diphtheria with 
cervical adenitis; (5) one case of septicopyvemia with enlargement of 
the spleen and iliac lymph nodes, and (6) besides the foregoing, path- 


35. Maximow, A. A.: Relation of Blood Cells to Connective Tissue and 
Endothelium, Physiological Rev. 4:533 (Oct.) 1924. 

36. Friedlander, A.: Whooping Cough, Abt’s Pediatrics 6:128, 1925. 

37. Naegeli, O.: Blutkrankheiten und Blutdiagnostik. 
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ologic lymphocytes of all varieties are frequently found in sinus infection 
with cervical adenitis. These observations have led us to the opinion 
that the observation of small numbers of even the most bizarre types of 
abnormal lymphocytes is of no significance except to point toward the 
presence of acute lymphoid hyperplasia in some part of the body. In 
other words, we believe that pathologic Ivmphocytes may enter the blood 
stream from lymph nodes that are hyperplastic from any cause. The 
migration of lymphocytes into the Ilvmph sinuses and thus into the blood 
stream is no doubt best accomplished in those glands which are actively 
hyperplastic, but in which there is not much disturbance to the architec 
ture of the gland. On this basis we should logically expect a rather 
marked migration from glands showing the pathologic picture seen in 
elandular fever, and little or no migration from chronic tuberculous 
lymph glands or those enlarged by metastatic malignancy. .\cute miliary 
tuberculosis of Ivmph glands may cause hyperplasia without much 
destruction of the gland architecture and in this way explain the cases of 
miliary tuberculosis associated with the very high lvmphoevte counts 
such as those reported by Landon *> and also by Wiechmann. 

\ccording to Pappenheim,*" cells of the tvpe under discussion are 
old, because of the irregularly lobulated and indented nuclei, and are 
functionally active, because of the large amount of cytoplasm, which 1s 
at times granular and vacuolated. \We have no grounds for either accept- 


or disputing this statement, and the abnormal cells in the blood of 


ing 


patients with glandular fever may have a definite function. We do 
feel, however, that these cells are not produced to combat any specific 
toxic principle which is found only in glandular fever. Their occur- 
rence in most 1f not all other acute nonsuppurative lymphadenopathies 
makes such an assumption absurd. Also we are not able to agree with 
lurk * who felt that the abnormal lymphocytes entered the blood stream 
to replace polymorphonuclear cells which were not available for the 
blood because of temporary exhaustion of the bone marrow. The 
prompt polymorphonuclear response to foreign protein seen in four of 
our cases seems to prove that the bone marrow is not exhausted. Similar 
observations on one patient are reported by Hopmann.** There is at 
present no known cause for either the entrance of the abnormal lympho- 
cytes into the blood stream or the absolute decrease in the number of 
circulating granulocytes. We feel quite certain that some of the abnor- 
mal mononuclear cells originate in the hyperplastic lymph nodes. We 
have, however, no knowledge as to whether they are pushed into the 
lymph sinuses mechanically, or are attracted into the lymph by some 
chemotaxic substance. 

38. Landon, J. F.: Conditions Simulating Acute Lymphocytic Leukemia 
(Infectious Mononucleosis; Tuberculosis), Am. J. M. Se. 170:37 (July) 1925 

39. Wiechmann, E.: Med. Klin. 18:1086 (Aug. 20) 1922. 


40. Pappenheim, A.: Atlas der Menschlichen Blutzellen. 
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No single blood picture can be said to be typical of glandular fever 
because the abnormal mononuclear cells are so variable both in number 
and in variety, and the same cell types are found in other conditions 
Routine blood examinations on any large group of patients will result 
in the observation occasionally of a marked mononucleosis, either relative 
or absolute. The frequency of lvmphocytoses in diseases associated with 
acute lymphoid hyperplasia has long been recognized. The Ivmphoid 
hyperplasia may be due either to intoxications, such as exophthalmic 
goiter and serum sickness, or to such infections as whooping cough, 
tvphoid fever or syphilis. Relative lymphocytosis is the rule in diseases 
associated with a leukopenia, but abnormal mononuclear cells are more 
common in those conditions in which there is an absolute increase in the 
lymphocytes. In severe sepsis with so-called bone marrow exhaustion, 
abnormal mononuclear cells are often encountered even though there 
is a very marked absolute decrease in all types of circulating colorless 
elements, with a relative lymphocytosis. 

\ few examples of mononucleosis, both relative and absolute, selected 


from the University Hospital records are given in table 7. 


TABLE 7.—FE-ramples of Mononucleosis, Both I 








Poly 
orpho Lymphe Mone Fosine Base 
clears eytes eytes phils phils 

1. Whooping cough 18 er 

2. Typhoid fever 8,200 1 6° ¢ 

. Secondary syphilis 7,250 4 7 

4. Exophthalmie goiter 6.800 

» Septicopyen Oo ( Qi 

6. Vineent’s angina with te 

minal septicemia.. : ; 600 5 gO 1 


It is evident that each disease given in table 7 is an example of a 
relative lymphocytosis ; that in the first four there is an absolute lympho- 
cytosis ; in the fifth the lymphocytes are present in about normal absolute 
numbers, while in the last case there is an absolute decrease in all types 
of white blood cells. The last two cases were febrile and the low leuko- 
cyte counts might be attributed to what is often spoken of as bone mar- 
row exhaustion. Abnormal lymphocytic cells were found in each of 
these cases. In whooping cough many of the cells are large and have 
irregular nuclei, but because the disease usually occurs in young children 
in whom large irregular lymphocytes are quite common not much notice 
is taken of them. In the patients with typhoid fever, secondary syphilis 
and exophthalmic goiter, the abnormal lymphocytes formed a rather 
small percentage of the total, possibly because the lymphoid hyperplasia 
was neither as acute nor as marked as in the other cases. The septico- 
pyemia in the fifth patient resulted from thrombosed hemorrhoidal veins 
and there was marked enlargement of the spleen and the iliac lymph 
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nodes. In this patient most of the lymphocytes were large and irregular 
in outline. The patient with Vincent’s angina had a long drawn out 
septic course with a marked generalized lymphadenopathic condition and 
a staphylococcus was isolated from the blood stream before death. The 
total leukocytes in this case reached the extremely low level of 50 per 
cubic millimeter and many of the lymphoid cells were abnormal. 

It is apparent that a differential diagnosis between any of the fore- 
going conditions and glandular fever could be readily made clinically in 
spite of the more or less similar blood percentages. The tendency of 
abnormal Ivmphocytes to enter the blood stream in such cases with 


lymphoid hyperplasia should, however, not be overlooked. 


DIFFERENTIAL DIAGNOSIS 

The factors responsible for diagnostic difficulties are the various 
modes of onset and the persistence of enlarged glands. 

1. Cases with the septic type of onset must be differentiated from 
pyogenic septicemia, typhoid fever, miliary tuberculosis, acute Hodgkin's 
disease, acute leukemia, influenza, dengue, epidemic thyroiditis and 
tularemia. 

2. Those associated with fever and membranous angina may resemble 
diphtheria, scarlet fever, Vincent's angina or follicular tonsillitis. 

3. Cases in which there is only fever, tender glands and a granular 
throat with moderate constitutional symptoms may be confused with 
paranasal sinus disease or mumps. 

4. If abdominal pain and tenderness are the first outstanding symp- 
toms, appendicitis may be considered. 

5. Cases with very insidious onsets and few symptoms are usually 
entirely missed or are seen late because of persistent glands. 

Those cases in which the adenopathic condition persists and is the 
outstanding feature have to be differentiated from other conditions 
associated with enlarged lymph nodes, for example, the malignant 
lymphomas (including chronic lymphocytic leukemia, Hodgkin’s disease 
and lymphosarcoma), tuberculous adenitis, syphilis and Still’s disease. 

1. Septic Onset Without Localizing Symptoms or Signs.—By a study 
of the temperature chart and blood percentages in case 2 one is impressed 
by the similarity to septicemia. In fact our impression of septicemia in 
this case was changed only by the subsequent course and blood percen- 
tages and should another such case present itself in the absence of a 
recognized epidemic, we should still be unable to make the diagnosis in 
the first few days. The only aid to diagnosis in such instances is the 
negative blood cultures, and it was in this case that a diphtheroid was 
isolated from the blood stream. 
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Typhoid fever may be suggested by the splenic enlargement and the 
fever, especially if it is sustained, but the history, the leukocytosis and 
cultures of the blood, stools and urine should suffice to rule out typhoid 
fever. 

In miliary tuberculosis the blood picture may approach very closely 
that seen in any stage of glandular fever, but the history and the pro- 
found nature of such a tuberculous infection are helpful points. 

Acute Hodgkin’s disease presents a difficult clinical problem. The 
glands, the spleen, the fever, the negative blood cultures and_ the 
drenching sweats are the same in the two conditions. The fever in 
either condition is apt to subside rather readily. Age, sex and occupa- 
tion are not very helpful. The glands in Hodgkin’s disease are apt, how- 
ever, to be more firm and less tender than in glandular fever and the 
anemia characteristic of the former is rare in the latter condition. 

Acute Leukemia: We have not seen a case of glandular fever in 
which the clinical picture approached that seen in acute leukemia, 
although Downey and McWinlay ° report one such patient. At any rate 
petechia, hemorrhages from the mucous membranes and a rapidly devel- 
oping anemia must be rare in glandular fever. Again, in glandular fever 
the febrile period is at the onset, at which time the glands are tender, 
while the subsequent course is one of improvement. In acute leukemia 
there is a gradual downward progression with increasing fever, anemia 
and hemorrhages and as a rule the glands are not tender. Certain 
individual blood cells may be found in glandular fever which resemble 
the very unripe elements of acute leukemia, but in our experience a 
differential study of 100 cells has been ample to establish the diagnosis. 
In no case of glandular fever have we encountered anything like the 
number of uniform, large unripe cells seen in acute leukemia. In con- 
sulting practice we have found leukemia and glandular fever confused 
but twice; once a case of glandular fever was diagnosed leukemia on 
the blood percentages and histology of an excised gland, and the other 
was a case of leukemia which was mistaken for glandular fever because 
it developed during a small epidemic of the latter condition. 

Influenza: The similarity here is only in the fever, symptoms and 
epidemic nature. No doubt many cases of glandular fever are wrongly 
diagnosed as influenza and we have heard of local epidemics in this sec- 
tion of the country which were called glandular influenza. 

Dengue: This is an acute febrile epidemic disease of short duration 
associated with a lymphadenopathic condition, a leukopenia with a rela- 
tive lymphocytosis and “break bone” pains. It resembles glandular fever 
except in the “break bone” pains and in its etiology. It is a 
tropical or subtropical disease prevalent in warm damp regions and the 
infectious agent is introduced by the bite of a mosquito. 
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Epidemic thyroiditis is an infectious disease occurring in South 
America, caused by a trypanosome, and associated with a generalized 
adenopathic condition and enlargement of the thyroid gland. A few 
cases of glandular fever with enlargement of the thyroid have been noted, 
but certainly the patients did not have trypanosomes in their blood 
streams. 

Tularemia: More and more cases of this disease are being recog- 
nized throughout the United States. It is an infectious disease asso- 
ciated with an adenopathic condition. The blood percentages in tularemia 
have not as vet been carefully studied, but no outstanding examples of 
mononucleosis have been reported, although an increase in monocytes 
or endothelial leukocytes has been reported in a few cases. In tularemia 
there is often a very characteristic local lesion at the site of inoculation. 
Bacterium tularense is quite easily demonstrated by animal inoculation 
and the demonstration of its presence should be required to differentiate 
mild nonsuppurative cases of tularemia from glandular fever, especially 
when Bacterium tularense has not been proved to exist in rodents and 
insects of the vicinity in which the case occurs. 

2. Febrile Cases with Membranous Angina.—Diphtheria has been 
differentiated from glandular fever in our cases with considerable diff- 
culty. Cervical adenitis is quite common in diphtheria though it 1s 
usually not especially marked at the onset. Nonvirulent, diphtheria-like 
bacilli are quite frequently found in normal throats and seem to be espe- 
cially frequent in glandular fever. We know of no reliable method for 
determining the nature of a membranous angina by its gross appearance 
alone. Only suggestive and often very unreliable evidence can be thus 
obtained. The difficulties that we encountered are perhaps best shown 
by the fact that we gave antitoxin to six patients who had clinical signs 
suggestive of diphtheria and “suspicious cultures’ and later found that 
the organisms were not virulent and each patient developed a more or 
less generalized lymphadenopathie condition with a characteristic blood 
picture. 

Scarlet Fever: The angina and adenitis may be similar to that seen 
in glandular fever. A slight flush occasionally occurs in glandular fever, 
but we have never seen anything like a typical scarlatinal rash. A similar 
tendency in the blood percentages during convalescence has been noted 
in the two conditions. In cases of scarlet fever in which the rash and 
“strawberry tongue” have subsided and desquamation has not vet begun, 
the differentiation may be impossible. 

Vincent's Angina: The spirochetes and fusiform bacilli of Vincent's 
angina are probably always present in glandular fever with membranous 
angina so that the differentiation must be made on the adenopathic con- 


dition and subsequent course, especially the blood percentages. 
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Follicular Tonsillitis: No conditions seen in our glandular fever 
patients have resembled follicular tonsillitis very closely, though several 
have developed small peritonsillar abscesses. These abscesses were, for 
the most part, small and resembled the small buried pockets of cheesy 
material commonly seen about the tonsils in Vincent’s angina. 

3. Cases with Fever, Tender Glands and a Glandular Throat.—Para- 
nasal sinus disease enters very frequently into the differential diagnosis 
of such cases. In acute sinusitis, the symptoms and roentgen-ray and 
nasoscopic findings are usually sufficient to establish the diagnosis. A 
very high percentage of the people of the state of Iowa have some 
chronic paranasal sinus disease, and it is often impossible to prove or 
disprove the etiologic relationship of such infection to enlarged cervical 
glands. The glands of chronic sinus disease, however, are usually rather 
firm and not tender, while in glandular fever the swollen lvmph nodes 
are soft and tender and some are almost invariably found in regions 
receiving no drainage from the sinuses. 

Mumps may resemble glandular fever superficially, especially if 
the swelling is confined to the submaxillary glands 

4. Insidious Cases with Few Symptoms—The important point in 
the diagnosis of this group is to rule out normal persons who have glands 
that are enlarged from previous infection. The rules governing the 
normal percentages of the various types of colorless blood cells are by 
no means iron-clad. Drinker.*! in The Oxford System of Medicine, 
gives tables to show the normal variation in lymphocytic percentages 
and warns against attaching too much significance to a moderate 
lymphocytosis. 

Our own observations on a class of medical students during an 
epidemic are in accord with the observations of Guthrie and Pessel, who 
noted enlarged glands months after the epidemic in a large proportion 
of exposed boys in whom few or no clinical symptoms were manifest 
during the epidemic. Judging from these observations, we might 
logically conclude that there usually are a large group of very mild 
unrecognized cases associated with an epidemic, only the more severe 
cases of which are recognized. The importance of such mild cases in 
spreading the disease cannot be overemphasized, especially if any attempt 
at isolation or segregation is to be made. The difficulties in determing 
just which cases are to be called glandular fever and which normal will 
be appreciated when we try to divide the following group of patients into 
two classes, one having glandular fever and capable of transmitting it 
and the other class to be called normal and to be considered not capable 
of transmitting the disease to others. It should be remembered that 
only the first group had symptoms severe enough to bring them to the 


41. Drinker, C. K.: Oxford System of Medicine, vol. 2, p. 541. 
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outpatient department, even though they were present in the hospital 
every day: Twelve cases with mononucleosis symptoms and enlarged 
glands ; nineteen cases with mild symptoms of mononucleosis and enlarged 
glands; nineteen cases with mild symptoms of mononucleosis but no 
enlarged glands = twenty -five cases with mononucleosis, no symptoms and 
no enlarged glands, and two cases with no mononucleosis svmptoms or 
enlarged glands. 

Cases with a persistent adenopathic condition are more easily differ- 
entiated from cases with similar conditions than are the acute cases at 
the time of onset. 

Malignant Lymphomas: (a) Chronic lymphocytic leukemia, This 
condition is more common in old people, the onset very insidious and 
the glands more firm and less tender than in glandular fever. Fever 
may be present with intercurrent or terminal infections and a definite 
anemia is a part of the picture. There would be little danger of con- 
fusing the stained blood smears of chronic lymphocytic leukemia and 
glandular fever. The great predominance of nearly normal small 
lymphocytes in the former condition is in direct contrast to the bizarre 
group of abnormal large cells seen in the latter. 

(b) Hodgkin's disease. “Pel Ebstein’” fever with sweats in this 


condition forms a possible source of confusion. The history of the 


case, the anemia, the hard, nontender glands are not similar to the find- 
ings in glandular fever. 

(c) Lymphosareoma. This group of cases, which has been separated 
clinically from the rest of malignant lymphomas, is easily distinguished 
by the hard glands, often conglomerate, causing obstructive edema and 
the rapid course of the disease. 

Tuberculous Lymphadenitis: The more chronic types of this affec- 
tion do not produce the blood picture of glandular fever and the history. 
together with the consistency of the glands, their location and tendency 
to break down are all differentiating features. The tuberculin reaction 
might be of aid. 

Syphilis: The adenopathic condition in syphilis may be marked 
and generalized, but the history and serologic tests and evidence of 
syphilis elsewhere will establish the diagnosis. We have no explanation 
for the rather frequent occurrence of glandular fever in patients under 
antisyphilitic treatment. It has been suggested that a Herxheimer reac- 
tion might account for the adenopathic change in this group of cases, but 
we noted during the epidemic that these patients were as apt to transmit 
the disease as any other patients. Jameson ** has reported three cases, 


42. Jameson, R. E.: Vincent's Angina Developing During the Time Neoars- 
phenamine Was Being Administered Intravenously in Two Known Cases of 
Luetic Infection and in One Case Diagnosed Syphilis from Clinical Symptoms. 
J. Iowa State M. Soc. 15:264 (May) 1925. 
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one of which was fatal, in young men while under antisyphilitic treat 
ment. Blood counts were not done in his cases, but the clinical deserip- 
tion corresponded to our own cases. White ** also reported a severe 
case which developed while the patient was receiving antisyphilitic 
treatment. 

Still’s disease or infantile arthritis deformans may produce the 
adenopathic condition and the enlarged spleen. Large lvmphoid cells, 
some of which have slightly irregular nuclei, are common in children 


but the history and deformities of Still’s disease are quite characteristic. 


STATUS 

Conservative clinicians are rather slow to accept glandular fever as 
a disease entity because of the lack of a clear cut, uniform clinical picture ; 
because other infectious diseases may so very closely simulate glandular 
fever ; because no etiologic agent has been demonstrated, and because the 
disease has not been definitely transmitted experimentally. The truth of 
these contentions is not to be denied. An additional feature that we have 
found to be rather disturbing is the great range in the severity of the 
condition. 

There is, however, a considerable amount of evidence which points 
to the existence of a rather definite disease entity in this group of cases. 
Certainly not all of the cases reported under the name glandular fever 
or some one of its synonyms can be proved to belong to one disease 
entity. But after all questionable cases are eliminated there remains a 
considerable group which, though not entirely uniform, have many 
features in common. A few points favoring the existence of a true 
disease entity may be mentioned: (1) the epidemic nature of the dis- 
ease; (2) the enormous enlargement of the lymph glands which histolo- 
gically show extreme hyperplasia and many atypical lymphoid cells; 
(3) the occurrence of relative increases in the circulating mononuclear 
cells (above 80 per cent in many cases and 99 per cent in one case) 
which are not met with in other infectious diseases; (4) the large 
percentage of abnormal cells, both circulating and in the lymph nodes, 
and (5) the very widespread occurrence of the disease throughout the 
temperate zones. 

A study of the epidemic as well as some of the sporadic cases reported 
will tend to convince even the most conservative as to the existence of a 
symptom complex which may be called glandular fever. We are not able 
at the present time to formulate a set of qualifications which, when 
fulfilled, establishes the diagnosis as glandular fever and at the same 
time includes all cases of glandular fever and excludes all other infectious 


43. White, E. C.: Lymphadenosis, an Acute Benign Disease Simulating 
Acute Leukemia, U. S. Naval M. Bull. 22:302 (March) 1925. 
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diseases. The three observations most frequently noted are fever, a 
lvymphadenopathie condition and mononucleosis. When in addition to 
these we have the presence of an epidemic the diagnosis can safely be 
made. It must be borne in mind that all degrees of severity are apt 
to be present in any epidemic and the same is no doubt true of sporadic 
cases. Some of these are very typical and marked examples, while 
others are so mild or atypical that the diagnosis in individual cases may 
be impossible. It is this perfectly gradual gradation from the most 
severe to the most mild that has caused us to wonder just how many 
and in what degree of severity the symptoms, signs and laboratory 
observations must be present in order to establish the diagnosis. And 
again, 1f the very mild atypical cases which seem to be part of an epidemic 
are not specific and are not part of a disease entity, then why should 
we consider the most marked and severe cases in the same epidemic 
as integral parts of a true entity? The final answer can come only from 


r from the repeated 


the demonstration of a specific etiologic agent 
successful experimental transmission of the disease. 

In the absence of proof and in the presence of such conflicting 
evidence, it seems to us that it would be highly unwise to be too dogmatic 
in regard to glandular fever being a disease entity. That such a symp 
tom complex exists there can be no doubt. For purposes of study it 
seems best to set this group of cases apart from other similar infectious 
diseases, whether or not they are eventually proved to comprise a single 
disease entity. 

NAME 


lhe disease process under consideration has been designated by a 
long series of names most of which have been more or less descriptive. 
Some of the synonyms are as follows: glandular fever ( Pfeiffer‘) ; 
infectious mononucleosis (Sprunt and Evans *); acute benign lympho- 
blastosis (Bloedorn and Houghton'*); acute benign leukemia 
(Cross **) ; acute Iymphadenosis (Downey and MchKinlay *) ; acute sub- 
lymphatic Ivmphoeytosis (Turk *), and monocyte angina (Baader “*). 
Other authors have reported somewhat similar conditions under deserip- 
tive titles without definite names. Examples are: idiopathic enlarge- 
ment of Ivmph glands (Filatow'); acute Ivmphatic leukemia with 
apparent cure (Ireland and Ruhrah*’); a case resembling acute 


lymphatic leukemia ending in recovery (Hall **); lymphocytosis of 





44. Cross, J. G.: Conditions Simulating Acute Leukemia, Minnesota Med. 
10:579 (Oct.) 1922. 

45. Ireland, Baetjer and Ruhrah: A Case of Lymphatic Leukemia with 
Apparent Cure, J. A. M. A. 65:948, 1915. 

46. Hall, A. J.: A Case Resembling Acute Lymphatic Leukemia Ending in 


Recovery, Proc. Roy. Soc. Med. 8:15, 1914-1915. 
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sepsis (Cabot '!), and acute infectious increase of stem cells in the blood 
with recovery (Hopmann **). 

Pfeiffer’s term, glandular fever, has priority over all others and has 
been more used than any other name. Infectious mononucleosis has been 
a rather popular name in this country since its introduction by Sprunt 
and Evans in 1920. But since 1920 there has been accumulated a mass 
of evidence that seems to prove the identical nature of glandular fever 
and infectious mononucleosis. In our experience neither name in its 
descriptive sense Is applicable to all cases, since often the superficial 
adenopathic condition is almost negligible, and in other cases the mono- 
nucleosis is not an outstanding feature. In order to include all cases 
both epidemic and sporadic we have used the combination of both names 
as it appears in the tenth edition of Osler’s Principles and Practice of 
Medicine. 

SUMMARY 

1. The literature contains ample descriptions of a fairly well detined 
symptom complex which may be called glandular fever (infectious 
mononucleosis ). 


2. This is an acute infectious disease of unknown etiology, usually 


of short duration, characterized by fever, enlarged lvmph glands, and 
the occurrence of numerous abnormal mononuclear cells in the circu- 
lating blood. 

3. Streptococei, diphtheroid bacilli and the spirochetes and fusiform 
bacilli of Vincent’s angina have been mentioned as etiologic agents. “The 
portal of entry is considered by some to be the faucial or pharyngeal 
tonsils, by others the gum margins, and by still others the gastro-intes- 
tinal tract. Neither the organism causing the disease nor its portal of 
entry has been proved. 

4. Several well defined epidemics have been reported from various 
countries in the temperate zones. 

5. The pathology has not been sufficiently studied. Descriptions of 
excised glands are given by Sprunt and Evans, Longeope, Downey and 
McKinlay and in our own cases. 

6. The symptomatology is similar to that of other acute infectious 
diseases, with the additional symptoms caused by enlarged tender glands, 
either superficial or between the muscle layers of the neck. 

7. The physical conditions are largely confined to the fixed lymphatic 
tissue. 

8. The modes of onset, because of their great variability, embody one 
of the chief difficulties in diagnosis. 

9. The total leukocyte counts are usually above normal at the onset 
and below normal during convalescence. A polymorphonuclear leuko- 
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cytosis may occur at the onset, especially in cases with marked febrile 
reactions. Sometime during the course the blood shows a rather 
marked increase in abnormal mononuclear cells. Many of these abnormal 
cells are lymphoid in nature but some are no doubt endothelial leukocytes 
or monoeytes. Occasionally the monocytes may outnumber the lymphoid 
cells. There often is an almost complete lack of normal small Iympho- 
cytes in the blood stream. 

10. The occurrence of a relative or absolute lymphocytosis with 
abnormal lymphoid cells in the blood stream is significant only of acute 
lvmphoid hyperplasia and is in no way limited to, nor specific for, 
glandular tever; nor does the percentage of these abnormal cells bear any 
direct relation to the amount of demonstrable glandular enlargement. 

11. The diagnosis of glandular fever is often difficult because no 
specific test exists, because the disease may so closely resemble other 
acute infections, because of its bizarre manifestations and because so 
many very mild cases are met with. 

12. The question of disease entity must remain open. 

13. The best name for the condition would seem to be glandular 


fever (infectious mononucleosis ). 





LIPOID NEPHROSIS * 


FRANCIS D. MURPHY, M.D 
AND 
LOUIS M. WARFIELD, M.D 


MILWAU KEI 


That there is stll far from unanimity of opinion in regard to the 
degenerations and inflammations of the kidney is evident from a perusal 


of the literature. No classification is perfectly satisfactory, but Addis 


has given us to date one of the most workable of all the clinical classi- 
fications. Also the interpretation among writers of any complicated 
kidney disturbance is far from being uniform. ‘This state of affairs 


is not recent. It was this uncertainty and fogginess of conception of 
the kidney diseases which led von Mueller? in 1905 to separate the 
apparently degenerative trom the evidently inflammatory lesions. His 
terminology, nephrosis and nephritis, has not passed into current medical 
terminology without criticism from many quarters, chiefly among his 
own German colleagues, Aschoftf,’ Lohlein * and others, but gradually 
it has gained in favor until, now popularized by Volhard and Fahr, 
Lichtwitz,° Munk * and others, it evidently has come to stay. 

There are good grounds for this distinction. Many febrile diseases, 
many poisons, certain unknown factors, all nonproductive and non 
inflammatory, cause definite changes in the tubular epithelium of the 
kidney which are temporary. The lesions are purely degenerative and 
even if of necrosing character, as after mercuric chloride poisoning, 
the tubular epithelium regenerates promptly. One may say in general 
that inflammatory processes affect glomeruli primarily and the tubules 
secondarily, while degenerative processes affect the tubules primarily 
and the glomeruli secondarily. The confusion arises when one 1s 
engrafted on the other. Frandsen > 
questions the propriety of separating the nephroses from the nephritides 


on the basis of his experiments 


as Volhard has done. Frandsen found that by iniecting the veins of 





* Presented before the meeting of the Association of American Physicians, 
Atlantic City, May, 1926. 
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rabbits with repeated doses of potassium bichromate at suitable intervals 
at first only the tubules were affected. Later there were interstitial 
changes, round cell infiltration and fibrosis, and still later glomeruli 
were affected. The resulting picture was a nephrosclerosis. 

That pure types of each occur can no longer be a matter of dispute. 
The discussion is now centering on a type of chronic nephrosis called 
by Volhard*® “genuine,” by Munk’ “lipoid,” by Epstein '° “chronic 
nephrosis.”’ 

Munk classifies the nephroses under a number of types, all of which 
he considers to be degenerations : 

1. Albuminous degeneration. 

2. Fatty degeneration. 

3. Lipoid degeneration. 
4. Necrotic degeneration. 
5. Hyaline degeneration. 
6. Amyloid degeneration. 
7. Vacuolar degeneration. 
8. Glycogen degeneration of the collecting tubule epithelium in dia 
betes mellitus. 

Years ago Delatield and Prudden'! divided the affections of the 
kidneys into degenerative, productive and proliferative. They called 
attention at that time to the fact that all febrile albuminurias, with 
the exception of that due to scarlet fever and occasionally to other 
acute infectious diseases, were not inflammations but were degenerations 
of the convoluted tubular epithelium. The productive and proliferative 
changes were the result of inflammatory processes. 

The disease that used to be called chronic parenchymatous nephritis 
with large white kidney is quite probably the disease that is now called 
chronic nephrosis. Epstein '? among others published cases and dis- 
cussed fully their importance. He called attention to a disease in 
which there seemed to be a disturbance of metabolism with edema and 
scanty urine output as the outstanding symptoms. The important signs 
were albuminuria, at times reaching enormous figures, 50 Gm. daily, 
hypercholesterinemia, reversal of the albumin-globulin ratio in the blood 
serum, and diminution in the total plasma preteins. There were no 
changes in the circulatory system, no increased nonprotein nitrogen in 
the blood. Kidney function was low and nitrogen was excreted but 
sodium chloride was retained. [Epstein has reported a number of cases 
of this general type and has proposed the name diabetes albuminurica 


for them. The etiology is quite unknown. It attacks voung people, 
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runs a variable, at times very long course, and tends toward recovery 
provided no intercurrent infection carries the patient off or no infection 
damages the kidneys. We have seen no report of [pstein of a fatal case. 

Under the term lipoid nephrosis Munk" describes a disease with 
the following chief characteristics: It occurs in young people, coming 
on slowly and insidiously without known cause. The first symptom 
usually is edema. There are headache, lassitude and loss of appetite 
The urine is scanty as a rule. On examination there is extreme 
albuminuria with casts but no red blood cells. The concentration of the 
kidney for nitrogen is normal. Function is decreased. The blood 
pressure is not elevated. There is hypercholesterinemia, often macro 
scopically milky serum; there are no eye-ground changes. In the urine 
sediment are anisotropic (doubly refracting ) lipoid crystals. ‘The course 
of the moderately severe case lasts for months, there is a remarkable 
cyclic character to the edema which is not apparently influenced by any 
method of treatment and the patients tend toward recovery often with 
a little albumin in the urine for many months. ‘There is a tendency to 
chronicity in some with the production of a nephrotic contracted kidney 
On the whole, however, the condition can be looked on as a benign one 
in contrast to the inflammatory lesions producing glomerulonephritis 
The pure type seems to be uncommon although the literature now con 
tains a number of cases. Volhard, Fahr® and Munk”*® have reported 
cases in their monographs. Karger and Ullmann,'* Kaufmann and 
Mason '* (two cases, their tvpe I and type II1), Beumer,.'* Major and 
Helwig,'® Mason ' and Epstein '° have reported cases that apparently con 
form to this type although Munk is the first author who has definitely 
called attention to the presence of the doubly refracting lipoids in the 
urine and in the tubules and interstitial tissue of the kidneys. Major 
and Helwig speak of finding a few of these lipoids in their case. The 
cases reported by Rabinowitch and Childs,'* and Peters, Bulger and 
associates '® (except their case 2) do not seem to be pure cases of 
nephrosis. They appear to be cases of glomerulonephritis to which 
nephrosis was added as a complication. 
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Considerable difhculty arises at times in differentiating cases of 
nephrosis from cases of glomerulonephritis seen during the stage when 
edema is still present and when the blood pressure is not elevated. The 
conception of Munk and others is that the tubules never are attacked 
by inflammation primarily at least. When tubular changes occur 1n the 
course of a glomerulonephritis they are degenerative in character and 
either are dependent on the original inflammation or are the result of 
some generalized metabolic disturbance which throws on the kidney 
tubular epithelium foreign substance which must be excreted and which 
damage the epithelium during their excretion. 

\gain, in the cases of pure nephrosis infection may be engrafted 
so that one sees nephritis with nephrosis and nephrosis with nephritis 
When a case of glomerulonephritis with blood cells in the urine shows 
edema and. marked albuminuria then nephrosis is superimposed. On 
the contrary when blood cells are found in a case thought to be nephrosis 
and the blood pressure rises then nephritis has been added. If one 
holds to this conception it simplifies to some extent the chaos into which 
kidney disease has been brought. 

Cases of pure lipoid nephrosis reported in the literature are so 
uncommon that a case studied by one of us (F. D. M.) from the begin- 
ning of illness to death with numerous observations covering a period 
of more than a year should be of importance 1n clarifying our concep- 
tions of the process in spite of the fact that we know so little about the 
conditions that lead to the peculiar disturbance of metabolism concerned 


in the production of the disease. 


REPORT OF CASES 


CASE 1] \ young white man, aged 21, a mechanic, was admitted to the 
Milwaukee County Hospital, Oct. 27, 1924, complaining of swelling of the legs 
and headache which had been present for the last three weeks. In his past 
history there were only scarlet fever, which he had passed through at the age of 
10, and gonorrhea at 20 

On physical examination he was well built and well nourished with some 


pallor. There was considerable edema of the legs and the face and eyelids were 
quite puffy. The lungs were clear. There were no murmurs in the heart. There 
was no dyspnea. The blood pressure was 118 systolic, 70 diastolic. The blood 
vessels were soft. The abdomen was soft. No masses were felt and no fluid 


was made out. The reflexes were all present and normal. On examination of the 
urine there was considerable albumin found and under the polarizing microscope 
there were many doubly refracting lipoids. There were no red blood cells and very 
few hyaline casts and a few pus cells. The phenolsulphonphthalein test revealed 
60 per cent excretion in two hours. Blood examination revealed a normal cell 
count. When the blood was drawn for chemical examination it was noted that 
the serum was distinctly milky. The cholesterol content was 500 mg. per cent. 
The Wassermann reaction was negative. There were no changes in the eye 


20. This leaves out the question of the kidney of pregnancy which is generally 
looked on as a nephrosis but which is also at times accompanied by increased 
blood pressure. The changes in the kidney are intimately bound up with a dis- 
turbance of metabolism. There is not actual kidney disease (Kollert). 
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grounds. While he was under observation several basal metabolic rates were 


made which ranged between 10 and 15. On account of technical difficulties 
the albumin-globulin ratio was not determine: 
' 


During his stay in the hospital he was at first placed on the ordinary nephritic 


treatment, low protein and salt free diet with limited fluids. Diuretics such as 
calcium chloride and novasurol were given from time to time, but seemed to have 
no influence on the edema. The high protein diet as recommended by Epstein was 
attempted but he was unable to eat the diet and no beneficial results were evident 


During the eighteen months that he was in the hospital, the edema reached such 





Fig. 1—Right kidney, showing increased thickness of cortex and general 
pallor of organ 


a degree on several occasions that the skin over the legs and abdomen cracked 
and he lay in a semicomatose condition for days at a time. However, during 
these periods neither the blood nonprotein nitrogen nor the blood pressure showed 
any changes. For no apparent reason the edema would then disappear and he would 
then get out of bed and seem to be in reasonably good condition except for the 
constant albuminuria. These periods of fluctuation of the edema seemed to have 
no relation to diet or treatment. 

Dec. 1, 1925, he was placed on rather large doses of thyroid extract which 
seemed to have some effect in prolonging the intervals between the attacks of 
edema, and for several weeks the cholesterol in the blood showed a slight decrease 
It always, however, remained well above normal values 
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f edema the first 


In spite of the thyroid treatment he again had an attack 
week in February, which reached an extreme degree. He became comatose again 
and, February 19, following several convulsive seizures he died. During this 
last attack of edema neither the blood urea nitrogen nor creatinine became elevated 
but the cholesterin of the blood advanced from 300 to 700 mg. per cent. 


We were permitted to do only a partial necropsy. This was performed by 
Dr. W. Thalhimer whose report is as follows: 

Phe body was that of a well nourished young man, showing marked edema of 
the legs, face and eyelids and slight edema of the scrotum. The body was still 


gor mortis, but there was slight postmortem discoloration. 


warm and showed no r 
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Fig. 2—Area showing swollen convoluted tubule cells, many having under- 
gone necrosis, with granular detritus in the lumina; X 800. 
The peritoneal cavity was opened through a small incision. Both layers of the 
peritoneum were smooth and glistening and there was a small amount of clear 
yellow fluid free in the cavity. The tissues of the abdominal wall and the 


tissues in general were slightly edematous. The kidneys were large, firm, pale and 
were similar in appearance. The left weighed 220 Gm.; the right, 195 Gm. The 
capsule stripped with difficulty, splitting here and there, leaving, however, when 
completely stripped a perfectly smooth surface. The surface was extremely pale, 
of a mottled creamy white and pink. On section, the cortex was a peculiar cream 
white and had a greasy appearance, measured from 12 to 14 mm., and was well 
marked off from the pyramids. The pelves appeared normal. There was no 











Fig. 3—Glomerulus, typical of all seen, revealing no inflammatory lesions; 


except for edema the glomerulus and capsule are normal; * 400 





Fig. 4—Appearance of fresh section seen with the polarization attachment to 
the microscope; the doubly refracting bodies are in both the tubule cells and the 
interstitial tissue; 800. 
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rease in the fat. The suprarenals appeared normal. The spleen was normal. 
Che liver was normal in size. On section it was pale and edematous and showed 
a moderate congestion. The heart was normal in size and shape. The pericardium 
was smooth. On opening the heart in the aortic leaflet of the mitral valve there 
was a slightly raised yellowish area. Similar deposits were found in the aortic 
cusps and in the intima at the root of the aorta The abdominal aorta showed 
numerous yellowish irregular elongated areas slightly raised above the surface as 
well as small rounded button-like areas 

Microscopic examination of the kidneys showed the glomeruli to be normal in 
ippearance; for the most part they completely filled the spaces but nowhere were 
there any signs of acute or chromic inflammatory changes. The capillary loops 


were everywhere normal in appearance, and showed no thickening or increase of 








Paste 1.—Detatled Data of Case 1 
Bloc I ctle Tests 
Urine 
Blood Phenol ‘ 
Pressure sul Urea Doubly Basal 
aA Urea Cho- phon- Coett Refrac- Meta 
Sys- Dias- Nitro- les- phthal- cient In Out Albu- ting bolic 
Date toliec tolic gen terol ein Factor take put min Lipoids Rate Treatment 
4/24 110 60 2 ) 4.0 1,200 850 IIT Diureties 
11 4 120 70 20 60 1,200 650) ITI 
12/26'24 116 70 12 70 Si) 0 TI 
1 ‘2 » 110 70 18 5 1,200 2,000 TIT Present 
»/28 115 78 14 oo 1,200 > IIIT Present 
6/ 7/25 110 60 ] 65 66.6 SO) 250 Present Nova blood 
tr 
Q 1 70 60 1,000 30) TIT Present 
“) 115 70 4 ‘ 0 1,200 1,07 III 15 
1 1 Mi 1,200 1,000 TIT 10 Thyroid extract 
12/11 6 ( 1,200 1,100 TIT Present 15 Thyroid extract 
12 21 12 75 63 1400 WO Til Thyroid extract, 20 


grains (1.3 Gm 

three times a day 
1/ 4/2¢ 14 $51 Hi) 1,500 1,150 ITTIT Present » Thyroid extract, 20 
grains (1.38 Gm.) 

three times a day 
18/2¢ l $31 1,200 800 TIT] Present Thyroid extract, 20 
grains (1.38 Gm 

three times a day 
65 ) 721 70 2.7 1,200 1,500 ITIL Present Thyroid extract, 20 

grains (1.3 Gm 

three times a day 

126 110 65 i) 1,100 600 «TIT Thyroid extract, 2¢ 
grains (1.3 Gm.) 

three times a day 
6 120 ) 16.8 60 1,000 50 IIIT Present Thyroid extract, 20 
grains (1.3 Gro 

three times a day 
6 125 65 ) 900 100 I Thyroid extract, 20 

g Is (1.38 Gn 

three times a day 
18/26 112 65 695 7 (4K) 50 «III Thyroid extract, 20 
grains (1.3 Gm 

three times a day 








cellular content. On the other hand, proximal convoluted tubules revealed exten- 
sive and profound degenerative changes. The cells were pale and swollen. The 


nuclei were often not visible. The protoplasm had a granular appearance. The 
lumina of the tubules were filled with granular débris. The tubular cells showed 
a uniform stain with sudan III. Examination with polarized light revealed 


doubly refracting lipoids both in the cells and in the interstitial tissue. This 
lipoid material was insoluble in alcohol. The collecting tubules showed no definite 
changes and there was no evident lesion in the small arteries. The heart muscle 
showed only a slight cloudy swelling, otherwise there was no noticeable change. 
Sections of the aorta through one of the yellow patches showed characteristic 
lesions of atheroma in the intima. The staining of the intimal thickening with 
sudan III was quite heavy but the material was dissolved out in alcohol. No 
doubly refracting bodies were found in the intimal atheromatous patches. The 
liver, spleen and suprarenal showed no particular change 
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CasE 2.—A young white woman, aged 25, 


a stenographer, began to have 


headaches and puffiness of the ankles and face especially around the eyes during 
the spring of 1921. She consulted a physician at that time, who found a marked 
albuminuria with some pus cells and casts but no red blood cells. The blood 
pressure was normal. No kidney function tests and no chemical blood analysis 
were made. She came under the observation of one of us (F.D.M.) Nov. 7, 1922, 
complaining of headache and puffiness of the eyes and ankles. She reported that 
at times during the last year and one-half the dropsy and headache had disap 
lis time 





peared for periods varying from one to three months he urine at t 
showed a moderate quantity of albumin with pus cells but no red blood cells and 




















TaBLeE 2.—Detailed Data of Case 2 
1 
I ‘ Urine 
Phenc Doubly 
— — Urea Cho- sulphon Re 
Sys- Dias-Nitro- les- phthal] Albu- fracting 
Date tolie tolie gen terol — eit min Lipoids Casts rreatment Remarks 
11/ 7/22 120 sO 14.8 65 IIT pus Hyalir Low protein, Edema, slight 
cells salt free diet 
12/ 5/22 118 SO lf 70 Ill pus Hyalin Low proteir Edema, sligt 
eells salt free diet 
2/14/23 112 6 IIT pus Hyalir Low protein, Edema, slight 
cells salt free diet 
4/ 3/23 128 si) 20 lil pus Low protein, Edema 
cells salt free diet 
1/23 115 s0) IIT Low protein, No edema 
salt free diet 
75 III Diureties Edema 
75 8 Ill pus Hyalir Diureties No edema 
cells 
80 ‘ III Pus cells Diuretics No edem: 
65 12 . IT! Diureties Edema; 
4/ 6/24 112 75 ( IIT None 
»/ 1/24 125 75 I Prese Few 
hy ) 
1] 115 70 If I Edema 
2 110 a0 II Presen? Fdema 
6 116 7 296 Ill Presenc High protein, Edema, slight 
low fat diet 
8/12/25 120 70 324 I] Pus Thyroid extract, No edema 
cells 15 ains (0.9 Gm 
three times a day 
10) 7 124 6 15 SS 60 IIT Present Th id extract, Edema, slight 


s (0.9 Gm.) 
mes a day 
d extract, Edema, slight 
ns (0.9 Gm 
mes a day 
12/12/25 122 80 18 12 Dd IT! Present Pus Thyroid extract, Edema, slight 
s (0.9 Gm 
three times a day 
12/22/25 110 70 IT] Present Pus Thyroid extract, Edema, slight 
cells 15 grains (0.9 Gn 
three times a day 











no granular casts were seen. The blood pressure was 128 systolic, 80 diastolic; the 
phenolsulphonphthalein showed 65 per cent in two hours. The blood urea nitrogen 
was 16.8 mg. per hundred cubic centimeters. The Wassermann reaction was 
negative. The blood count and differential count were normal. She was placed on a 
limited fluid intake and limited protein diet to about 50 Gm. a day. The headache 
was treated symptomatically, and she continued to work. During 1923 and 1924 
she was seen at intervals of one and two months and very little change occurred 
during this period except for the slight fluctuation in the amount of the albumin in 
the urine. The urea nitrogen of the blood ranged between 14 and 20 mg. per 
hundred cubic centimeters and the phenolsulphonphthalein tests always gave high 
figures. The edema and headaches came and went together but neither ever 
became marked enough to cause her to give up her work, except on two occasions 
when she missed her office work two days each time. 
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About Jan. 1, 1925, the urine was examined for the presence of doubly refract 
ing lipoids. They were found on many occasions. The blood cholesterol was 
increased, varying from 266 to 388 mg. per hundred cubic centimeters. The 
treatment was then changed to high protein low fat diet. The change, however, 
was not carried out by her as she had been told that meat and eggs were harmful 
and she did not eat the high protein diet. She did, however, take about 70 Gm. of 
protein a day for a while and thought that she felt worse. The edema, which 
was slight at that time, was not influenced by any change in the diet. During 


1 


December, 1925, she was given thyroid extract with no apparent result. She took it 
for a while but as she felt rather well and could see no object in taking the 
medicine, she discontinued the treatment 


Case 3.—A young white man, aged 24, a clerk, was seen first by one of us 
F.D.M.) Dec. 9, 1925, complaining of swollen ankles and face, with headache 
and loss of appetite. Except for a gonorrheal infection at 18 he had never been 


TABLE 3 Yetatled Data of Cas 
| od Funetic ests 
Ur 
Bloc Phene 
Press sul I i Doubly Basal 
Urea Cho phon- Coett Re Meta 
Sys- Dias-Nitro- les- phthal- cient Out Albu- fract bolic 
Dat toliec tolie ge terol ein Factor put min Lipoids Rate Treatment 
12/ 9 125 75 Is 6664 60 is 300 III Present Thyroid extract, 18 


grains (1.1 Gm.) 

three times a day 

12/15/25 125 &0 1 HK) 70 60 600 IIIl Present 10 Thyroid extract, 18 
grains (1.1 Gm 

three times a day 

8/25 120 70 51 65 104K) III Present 15 Thyroid extract, 18 

grains (1.1 Gm.) 

three times a day 

1/ 8/26 116 70 14 454 5) 70 2,000 Ill Present 0 Thyroid extract, 18 

grains (1.1 Gm.) 

three times a day 





6 125 65 12 65 1.314 III 

6 130 80 374 7 1,000 III Present Thyroid extract, 18 

grains (1.1 Gm.) 

three times a day 

6 125 75 18 340) 1,500 III Present Pneumonia treat- 
ment 

26 110 60 16 1,400 III Present Pneumonia treat- 
ment 

6 118 70 1,600 Ill Present Pneumonia treat- 
ment 

115 70 14 7 64 71 1,500 III Thyroid extract, 15 

grains (0.9 Gm.) 

three times a day 

718 26 120 RI 1,200 Ill Thyroid extract, 15 


grains (0.9 Gm.) 
three times a day 
6 11 a 2” Ss 1,400 Ill Thyroid extract, 15 
grains (0.9 Gm.) 
three times a day 


ill. His present trouble dated from some time in Octoner, 1925, and came on 
without any cause so far as he could think of. After some treatment at that time 
the symptoms subsided for a month, when they slowly returned. 

On examination there was considerable edema of the legs and face. The heart, 
lungs and abdomen were normal. The blood pressure was normal and the Wasser- 
mann reaction was negative. Urinalysis showed albumin with doubly refracting 
lipoids but no red blood cells. On withdrawing the blood for chemical analysis a 
thick layer of creamy material came to the surface. The cholesterol was 666.6 mg. 
per hundred cubic centimeters. The urea nitrogen was not elevated. Kidney 
function tests revealed no evidence of insufficiency. The basal metabolic rate on 
several occasions averaged +10. The eye-grounds were normal. The blood 
pressure was normal on several examinations. 
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He was placed on a high protein low fat diet and kept in bed for a few weeks 
following which the edema disappeared and he felt quite well again. However, 
after about twelve days the edema returned and he went back to the hospital 
During the stay in the hospital high protein low fat diet with 25 grains (1.6 
Gm.) of thyroid extract three times a day were given This seemed to relieve 
his symptoms but the urine showed albumin constant] When he had again recov 
ered to a point where he could leave the hospital he developed lobar pneumonia 
and made an uneventtul recovery. During the course of the pneumonia the edema 


subsided Following his convalescence the edema again returned The cholesterir 
was 588 mg. per hundred cubic centimeters The urine showed large quantities 
of albumin and many doubly retracting lipoids. During this attack he became 


discouraged and thought that he would seek the services of another physiciar 
He has not been seen since 


Case 4.—This patient was not observed by either one of us but the urine was 
sent for examination and the history was later obtained 
1 
i 


A young white woman, aged 20, a member of a religious order living 1 


Canada, began to have swollen ankles and puffiness of the hands and face in July, 


1925. The family and past histories were negative. The urinalysis at the time 
of her first illness showed considerable albumin but no red cells and no granular 
casts. There were numerous doubly refracting lipoids. The blood pressure was 
normal as well as the urea nitrogen of the blood. The phenolsulphonphthalein 
excretion on several occasions was between 50 and 60 per cent in two hours. The 
cholesterin content of the blood was 320 mg. The heart was normal. The eye 
grounds were normal. The Wassermann reaction was negative. The basal 


metabolic rate ranged between + 10 and + 15 

The blood count revealed 4,600,000 red cells, 6,800 white cells, 75 per cent 
hemoglobin, with a normal differential count. The edema fluctuated it 
during all this period but never entirely disappeared. She felt weak most of the 
time and suffered from headache quite often. The albuminuria was always present 

Feb. 12, 1926, she was given high protein low fat diet and 60 grains (3.8 Gm.) 
of thyroid extract daily, after which the edema was less. The albuminuria was 
not so excessive but it always was present. The general condition was reported 


intensity 


as improved and she was able to continue her work 


It is quite impossible to say how frequently lipoid nephrosis would 
be found if all cases with suggestive symptoms and signs were carefully 
examined for the doubly refractive lipoids. Munk naturally reports 
most of the cases. Yet he finds them relatively uncommon since the 
Great War. Epstein *' says that the type described by him is common 
enough for him to be able to show several patients in his wards at any 
time. [Eppinger ** says that in two vears he had not had a case of pure 
nephrosis in his service at the First Medical Clinic in Vienna. A rather 
thorough search through the literature reveals the fact that little atten- 
tion is paid by the English speaking men to the point that Munk con- 
siders so characteristic. 

The following reports on nephrosis have been found in the English 
and American literature: Kahn ** reports on cases of chronic paren- 
chymatous nephritis. His cases, however, do not conform to Epstein’s 


21. Epstein, A. A.: Personal communication to the authors 
22. Eppinger: Personal communication to the authors 
23. Kahn, M.: Protein and Lipin Content of Blood Serum in Nephritides, 


Arch. Int. Med. 25:112 (Jan.) 1920 
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cases or to Munk’s cases. Rabinowitch and Childs '* report a case with 
systolic blood pressure of 210 mm. Their case is evidently (and they 
admit that it does not represent the pure form) one of chronic 
glomerular nephritis plus nephrosis. There was a low plasma protein 
with reversal of the albumin-globulin ratio and high cholesterol (up to 


7Sl mg. per cent). .\ high protein diet in spite of the nonprotein 


nitrogen retention did not increase the concentration of nonprotein 


nitrogen, ‘This is unusual, the opposite usually occurs 

Major and Helwig '® report a case that seems to conform to the 
type we are here describing but with certain differences in the patho- 
logic picture in the kidney. They found some of the glomeruli showing 
engorgement with red blood cells. The glomeruli showed a mild degree 
of acute glomerulitis. They found only an occasional anisotropic lpoid 
crystal with the polarizing microscope. There were patchy areas of 
fibrosis throughout the interstitial tissue. The whole course of their 
patient's illness was about nine months. We surmise that in view of the 
observations in the glomeruli that an acute nephritis was superimposed 
on chronic nephrosis. Peters and Bulger '’ report an interesting study 
on the relation of albuminuria to protein requirement in nephritis and 
report six cases. However, only one of the cases, their case 3, as they 
readily admit, could be admitted into the group of true chronic nephrosis 

Kaufmann and Mason’! report three cases that they consider 
represent three types. Their case 1, type 1, appears to be pure nephrosis. 
Their case 2, type 2, seems to be secondary contracted kidney with 
superimposed nephrosis. Their case 3, type 3, is also nephrosis, which 
in course of time produced some changes in the glomeruli and inter- 
stitial tissue which Munk, Nollert ** and others do not look on as 
inflammations. Their first patient died of pneumococcus peritonitis. 
This is interesting. Volhard °° reports four cases of pure nephrosis, 
Munk * one case of his lipoid nephrosis in which septicemia of low grade, 
vet fatal, was due to the pneumococcus. 

Dyke °° reports on the pathology of nephritis associated with edema. 
Ife studied six cases in all of which were edema, albuminuria and 
evlindruria. Histologically there were degeneration of the epithelium of 
the renal tubules and deposition in degenerated renal tubular epithelium 
of large quantities of doubly refracting lipoid material. However, it 
seems to us, after a critical study of his data, that only case 103, the 
boy aged 8 vears, could be classed as pure nephrosis. Four of the 
patients were in the fifties with increased blood pressure and one had 
an amyloid kidney. 
24. Kollert, \ Ztschr. f. klin. Med. 97:287 (Sept.) 1923. 
5. Volhard: Deutsche med. Wehnschr., no. 15, 1918. 
. Dyke, S. C.: Quart. J. Med. 18:77 (Oct.) 1924. 
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Mason '* records an important case under his observation for thirty 
months, from the time of onset to death. ‘The cause of death was acute 
miliary tuberculosis. This case showed all the essential features of 


lipoid nephrosis except that no mention 1s made « 


f the anisotropic lipoids 
in the urine during life or in the kidney after death. The kidneys 
showed a typical nephrotic contracted kidney without signs of inflam 
mation. Munk says in this connection (page 295), “On the other hand, 
accidental inflammatory and sclerotic processes may well occur in later 
life in the kidneys of every case of chronic nephrosts, so that the 
pathogenesis of the histologic finding before us can no longer ana 
tomically be decided with certainty.” Munk agrees with Volhard and 
Fahr, who believe that there is such an end-stage as a nephrotic con 
tracted kidney. This case so carefully studied by Mason lends support 
to this opinion 

There is one other interesting fact connected with this case: there 
was no definite relation between the total plasma protein or the albumin 
elobulin ratio and the degree of the edema. Further, the high protein 
diet was not followed by improvement. 

Rigler and Rypins ** report three cases which apparently belong to 
this group of cases. One patient was a voung woman, aged 21; one 
was a man, aged 34, and one was a child, aged 2'4 vears. The young 
woman was living when she was heard from last; the man was reported 


to have died: the child died. Postmortem examination of the child 


revealed large pale kidneys. No microscopic report was given. The 
clinical signs and laboratory examinations corresponded to Epstein’s 
chronic nephrosis. ‘There was no examination for double refracting 
lipoids. 


Conrad ** publishes a purely clinical report of a woman aged 40 
\lthough this patient was bevond the age usually found in cases of 
primary nephrosis and although there were no laboratory examinations 
except routine urinalyses given, yet the other characteristic symptoms 
and signs were present. The patient improved when placed on Epstein’s 
high protein low fat diet. This case is included in spite of the lack of 
both chemical examination of the blood and microscopic examination of 
the urine for anisotropic lipoids. 


THE EDEMA 


It would lead us too far afield to discuss the question of the genesis 
of edema. It must suffice to give briefly the opinions of several authors 
who have been especially interested in this particular edema which is 
characteristic of chronic nephrosis. 

27. Rigler, L. G., and Rypins, H.: Minnesota Med. 7:419 (June) 1924. 
28. Conrad, C. E.: Virginia M. Monthly 48:375 (Oct.) 1921. 








462 ARCHIVES OF INTERNAL MEDICINE 


There is agreement that it is extrarenal in origin and that it is con- 
nected intimately with the colloids. [Epstein '® thinks that due to the 
unexplained metabolic change, which causes enormous losses of protein 
through the urine, and the decrease in the plasma proteins that the 
osmotic balance between the blood and tissues is disturbed and fluid 
collects in the tissues. The fluid is poor in protein but contains the 
blood salts and urea 

Both Munk? and Wollert °° explain the edema in much the same 
way, except that they draw on physical chemistry more. .\ccording to 
Munk (page 3060), there are two kinds of colloids in blood which in 
respect to their phy sicochemical relation to water are called lyophil or 
hydrophil, lvophobe or hydrophobe. The euglobulin fraction, which is 
increased in the disease under discussion, belongs to the latter group; 
the albumin fraction belongs to the former, while the pseudoglobulin 
fraction occupies a middle position. Under normal conditions the dis- 
persion of these colloids is so arranged that an optimal water exchange 


from serum to tissues and thereby a resulting diuresis take place. We 


know that the different albumin bodies are capable of change. Albumin 
and pseudoglobulin can be converted into euglobulin by change in the 
ion concentration or by the electric current. This change can also take 
place in the living body. Such a change does take place in this disease 


not only in colloids of the body fluids but also in the colloids of the 


tissues. 

Kollert *’ explains the edema in a similar manner. To him it is the 
change from the fine dispersible colloids to the large dispersible colloids 
with the retention of water in the tissues. He looks on nephrosis as a 
general metabolic disturbance of all organs which causes increased 
destruction of albumin. The blood only carries the excess. Fibrinogen 
in the blood is increased. ‘There is also increased rate of sedimentation 
of the red blood cells. He believes in the extrarenal origin of the edema. 
His conception of nephrosis, however, differs somewhat from that of 
Munk. WKollert believes there is at first an infection or intoxication that 
produces long standing injury to all cells, including the kidney. Now 
when such an organism is attacked by a kidney disease, be it ever so 
light, this is added to the already existing tubular damage and_ the 
nephrotic symptom complex becomes evident. The kidney lesion which 
tips the scales, so to speak, is a glomerulonephritis. He admits the possi- 
bility of a pure degenerative tubular lesion but considers it most 
uncommon. 

In a recent book on nephritis, Elwyn *° devotes a chapter to the dis- 
cussion of lipoid nephrosis. He quotes no cases of his own. He believes 


that it is always preceded by glomerulonephritis. The inflammatory 


) Kollert, V.: Klin. Wehnschr. 5:441, 1926 
0. Elwyn: Nephritis, New York, Macmillan Company, 1926 
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changes then subside, the blood pressure returns to normal, but the 
albuminuria and tendency to edema remain. We cannot agree with 
this conception for the reasons given above. It is true, as we have 
already stated, that should such a condition be encountered it would 
be extremely difficult to differentiate it from pure lipoid nephrosis. That 
is not the point, however. The fact is that we and others have seen 
cases in which there were no inflammatory glomerular changes. One 


cannot get around the facts. 


THE NATURE OF LIPOID NEPHROSIS 


Pure lipoid nephrosis such as the cases reported in this article arises 
spontaneously so far as our knowledge goes as an independent disease of 
obscure etiology (INollert,** Munk"). Munk ® states that in his experi- 
ence syphilis ts a cause, and it has followed on long standing pneumo 
coccus sepsis without amyloidosis (Volhard). Secondary lipoid 
nephrosis is commonly found in cases of chronic glomerular nephritis. 
It is never found in nephrosclerosis. 

Careful comparison of cases reported by [:pstein and cases described 
in a personal interview with him and those described by Munk leaves 
no doubt in our minds that both are describing the same disease. Cer- 
tain features are common t 


» the cases described by both; viz., the 
insidious onset in young people, the absence of etiologic factors, the 
edema, pallor, albuminuria with few casts and no blood cells, low blood 
pressure, cyclic character of the edema, hypercholesterinemia, and_ the 
generally benign nature of the disease. From these characteristics they 
diverge. Epstein lays stress on the decrease in the plasma proteins and 
the reversal of the albumin-globulin ratio. He also more recently empha- 
sizes the decrease in basal metabolism. While Munk says nothing 
about the albumin-globulin ratio he specifically states that the euglobulin 
fraction of the serum is increased. He does not mention the lowered 
basal metabolism. His stress is laid on the presence of the anisotropic 
lipoids in the urine. He, too, emphasizes the hypercholesterinemia. We 
feel sure that if Munk had partitioned the plasma proteins he would have 
confirmed Epstein’s observation, and if I¢pstein had assiduously made 
use of the polarization microscope he would have confirmed Munk’s 
findings. Both insist that the disease is a metabolic disturbance, Epstein 
proposing the name diabetes albuminurica. 

In a recent review of the subject Kollert *° abstracts briefly all the 
literature and agrees with those who look on the disease as a primary 
disturbance of metabolism. The same agent that disturbs the general 
metabolism of the albumins also injuries the kidney tubular epithelium 

31. Epstein, A. A., and Lande, H.: Studies on Blood Lipoids: Relation of 
Cholesterol and Protein Deficiency to Basal Metabolism, Arch. Int. Med. 30:563 
(Nov.) 1922. 
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and the effort on the part of the kidney to excrete the foreign substances 
further damages the epithelium. 

It is universally agreed that the protein content of the plasma is low. 
There is some physical-chemical disturbance in the building of the 
colloids of the body. One point noted is the increased rapidity of sedi- 
mentation of the erythrocytes. 

That physical or physical-chemical agents could change serum 
albumin into euglobulin was shown by Ruppel, Ornstein, Carl and 
Lasch,** who passed electric currents through serum albumin. Munk, 
Benatt and Flockenhaus ** perfused kidneys of dogs with Ringer’s solu- 
tion. When they passed an electric current through the perfusing fluid 
before it entered the kidney, albumin was found in the ureteral outflow. 
They also succeeded in producing an excretion of doubly refracting 
lipoids by injecting dogs with dog serum diluted with Ringer’s solution 
through which for four hours an 8 volt current had passed. Munk 
considers that hypercholesterinemia plus lipoidosis of kidney epithelium 
plus excretion of anisotropic lipoids is a general disturbance of a 
physical-chemical nature in the body lipoids. In getting rid of these 
foreign substances the kidneys are damaged and anisotropic lipoids 
pack the cells of the tubules. 

Feeding of enormous amounts of cholesterol does not produce exere- 
tion of these lipoids but Gross “* found that by feeding cholesterol to 
patients who were passing these lipoids in the urine the excretion of 
them was enormously increased. Genck ** injured the kidneys of a 
rabbit and a cat with uranium nitrate, then fed them cholesterol; she 
found not only anisotropic lipoids in the urine but also in the kidneys. 

It is characteristic of the cases of lipoid nephrosis that the special 
lipoids are found in the cells of the interstitial tissue of the kidney. 
These lipoids have been found in the kidney epithelium of patients with 
carcinoma in whom there was neither albuminuria or lipoiduria. Some 
physical-chemical change is postulated in these cases. The anisotropic 
lipoiduria is not pathognomonic of lipoid nephrosis. However, in a 
patient who has symptoms and signs enumerated within and in whom 
these lipoids are found the disease is in the strict sense lipoid nephrosis 


RELATION OF HYPERCHOLESTERINEMIA TO NEPHROSIS 
Port *° in 1910 first called attention to the presence of increased 


cholesterin in the blood in many cases of nephritis. The normal con- 


Lasch, auoted by Munk (footnote 9}. 
Munk, F.; Benatt, A., and Flockenhaus, M.: Klin. Wehnschr. 4:863 (April 
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34. Gross, O.: Klin. Wehnschr. 2:217 (Jan. 29) 1923. 
35. Genck, Margarete, quoted by Munk (footnote 9). 
36. Port, quoted by Munk, Benatt and Flockenhaus (footnote 33). 
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tent ranges between 140 and 170 mg. per cent. In a more recent publi- 
cation Port “’ summarizes his results as follows: 
\ marked increase of the cholesterol content of the serum is found in nephroses 


and in the mixed forms of chronic diffuse glomerulonephritis the more or less 
marked nephrotic element makes itself known in an increase of the cholesterin 


picture. On the contrary, the cases of primary contracted kidney show no 
increase in the cholesterin content. The hypercholesterinemia appears, therefore, 
as a symptom of the nephrotic element. Benign nephrosclerosis cases show normal 
values. 


Munk does not think that there is any increase in the total cholesterin 
of the body. There is a redistribution. The cholesterin is brought to 
the kidney by the blood, esters are formed and these, being foreign 
substances, damage the kidney epithelium, get in the tubules and are 
washed into the bladder. 

Increased cholesterin content of the serum is an essential feature 
of lipoid nephrosis whether it is a primary disease, as in the cases 
described above, or whether the nephrosis is superimposed on chronic 
glomerulonephritis. (An adequate explanation of the hypercholesterin- 
emia 1s lacking. 

COMMENT ON CERTAIN ASPECTS 


every one of the four cases which form the basis of this report have 
all the distinguishing characteristics that have been laid down by Munk ® 
as those essential to the diagnosis of lipoid nephrosis. ‘These are 
insidious onset in young persons, excessive edema of a_ peculiarly 
fluctuating type, marked albuminuria with or without casts in the urine 
but without red blood cells, normal blood pressure, and the presence of 
doubly refracting lipoids in the urine. 

These cases seem to belong to a definite and pure type of degenerative 
kidney disease in which the fundamental process appears to be a 
metabolic disturbance of the colloids of the body leading to some pro- 
found change, in which euglobulin is increased in the blood and 
cholesterol is passed into the blood stream. Somewhere the cholesterol 
is changed into esters, reaches the kidney, and there, being a foreign 
substance, further injures the tubular epithelium. 

The difference of opinion is chiefly whether lipoid nephrosis is a 
pure degeneration or whether as Lohlein and NKollert among others 
believe, it is produced only as a result of glomerulonephritis. Mason’s 
case cited above seems to prove that the cases can be free from inflam- 
matory lesions for a long time. It was only toward the end of the 
course that red blood cells and increased nonprotein nitrogen retention 
were found in his case. Dvke’s case 103, mentioned above, is again a 
pure degenerative lesion. The macroscopic and microscopic description 
of the large, pale kidneys would fit our case word for word. 

Finally, in our case 1 the young man was observed from the begin- 
ning of his illness to the end. The cause of death will ever remain 
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obscure as we could obtain permission to examine the kidneys only. 
There were no peritonitis and no miliary tuberculosis, two diseases that 
have been responsible for the deaths in the reported cases. Among the 
striking features in our case were: (1) the cyclic character of the edema. 
It came and went in spite of, and not because of, treatment. This is 
quite characteristic of all the cases. It would look to a casual observer 
as if the high protein diet helped. As a matter of fact, the patient could 


not eat the amount of protein and really did not receive such a large 


proportion of protein. However, the edema disappeared about that 
period. (2) The inetfectualness of any treatment with diuretics. A 
number were tried with no striking effect (3) The persistence of 


lack of cardiovascular changes during his whole illness. We are inclined 
to believe that if he had developed a mild inflammatory lesion of his 
glomeruli, as happened in Mason’s case, there would have been both 
increased blood pressure and increase of nonprotein nitrogen retention. 
(+) The independence of the edema of the degree of hypercholes- 
terinemia. This is also found in other cases and does not lend aid to 
any theory of the explanation of the edema. (5) The absence of all 
evidence of a glomerular lesion of an inflammatory nature in a case 
running a course of more than a year and ending in death. 

We believe that such a case as our case 1 together with the cases 
referred to show bevond doubt that there can be a pure degenerative 
disease of the kidneys affecting the tubules without there being anv 
inflammatory glomerular lesions. This appears to refute the contention 
of Kollert, Lohlein and others. It is possible to have lipoid nephrosis 
in its pure form. This is primary lipoid nephrosis. It appears to be 
an uncommon disease. However, by making use of the polarization 
microscope together with the usual chemical and microscopic tests of 
blood and urine it may well be that such cases will more often be dis- 
covered. One of us (F. D. M.) in the last vear has found four cases. 
\ll conform to a definite type with common symptoms and signs. It 
may be argued that our criteria are too restricted. However, when in a 
series of cases there are a number of symptoms and signs all alike, one 
is justified in stating that such is a definite disease. Were it otherwise, 
we should not have any separation of similar groups of symptoms and 
signs into various diseases. We do not know the cause. This can be 
said of many other well defined diseases. 

Uremia never occurs in this type of case. Convulsive seizures may 
occur as in our case 1 and be the precursor of death. The blood pressure 
does not rise and the nonprotein nitrogen of the blood remains within 
normal limits. The whole picture differs from that observed in the 
cases of chronic glomerulonephritis to which nephrosis has been added. 
Volhard thinks the convulsions are due to edema of the brain. It was 
unfortunate in our case that we could not examine the head. 
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Stupor and even coma are not uncommon complications of lipoid 
nephrosis. They do not necessarily mean a fatal issue in a short time 
but apparently the prognosis as to eventual recovery is rendered grave 

Our cases 2, 3 and 4+ show there is a general tendency to exacerbations 
and remissions. During the remissions the patients feel quite well and 
are able to carry on their occupations. The albumin, however, never 
disappears from the urine. Munk has had patients that he had followed 
for more than twelve years. They seem well, but have never become 
albumin-free. 

The analogy between these cases and diabetes is striking. Lipoid 
nephrosis is a disturbance of the metabolism of the proteins and might 
even be called, as suggested by Epstein, diabetes albumunurica 

A disease in which there is such an increase of cholesterol in the 
blood would seem theoretically to be helped by a diet poor in fat. This 
has occurred to others and has been tried with no apparent effect. 
Epstein,’® on the basis of the loss of albumin in the urine and_ the 
lowered basal metabolism, advises a diet high in protein and low in fat 
and feeding with thyroid extract. He has given some of his patients 
huge doses of both thyroxin and of the desiccated thyroid and has 
noted a remarkable tolerance 1n patients with chronic nephrosis. ‘Two of 
our patients received from 60 to 75 grains (3.8 to 4.8 Gm.) of thyroid 
daily. In one there was no striking benefit; in the other it is too early 
to say whether benefit will continue. 

As a matter of fact all cases do not have low basal metabolic rates 
Further, can one say that in a patient whose tissues are edematous and 
whose weight is therefore a matter of estimation that a —10 or —15 
rate means hypothyroidism?’ We doubt whether that is a justifiable 
conclusion. [ven the patient who has lost his edema is still il and 
usually undernourished, so that a rate around —10 or —15 would not be 
so unusual. Just how to explain the enormous tolerance of some of 
these patients for thyroid extract is difficult, if not impossible. We 


shall not make any attempt at explanation. 


SUMMARY 


In four cases of a kidney affection corresponding to Munk’s lipoid 
nephrosis reported here, one case observed from beginning to end estab- 
lishes the fact that this disease is a tubular lesion and can occur without 
any glomerular inflammatory lesion so far as our methods of examina- 
tion reveal. In view of the different opinions among writers on this 
question, this case seems to us to be of considerable importance. 

We believe that Epstein’s chronic nephrosis and our cases, repre 
senting examples of Munk’s lipoid nephrosis, are identical. 

We feel that pure cases of lipoid nephrosis are not common, but that 
the routine use of the polarization attachment to the microscope in the 
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examination of urinary sediment from suspected patients will uncover 
other cases of this type. Secondary lipoid degeneration of the tubules 
will often be found. 

The prognosis in most of the cases is good. 

The cause is still veiled in obscurity. The majority of authors view 
it as a disturbance of the metabolism of the colloids. That names the 
defect without explaining it. 

There is no specific treatment, but the high protein low fat diet of 
Epstein combined with reduction in the intake of sodium chloride are 


rational procedures. The administration of large doses of thyroid 1s 


still on trial. Epstein recommends it and claims that it is beneficial 


Our experience is too limited for us to offer any opinion. 
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CORTEX OF SUPRARENAL 
WITH VIRILISM 


CARCINOMA GLAND 





REPORT 


\ CASI WITH NECROPSY 


HENRY M. FEINBLATT, M.D 


BROOKLYN 


Although malignant epithelial growths of the cortex of the supra- 
renal gland are the most frequent of the neoplasms affecting this organ, 
the association of clinical virilism with the postmortem demonstration of 


such a tumor 1s sufficiently unusual to be deserving of report 


REPORT OF CASI 


Histor) \ woman physician, aged 32, 


I first became acquainted in April, 1924; 
appearance and personality being distinctly feminine 


ian Jewess, with whom 





he seemed normal, her 


The family and past personal history were negative 

One evening in April, 1925, after dancing, the patient experienced a gnawing 
sensation in the right lumbar region, covering an area about the size of the palm. 
The pain did not radiate but seemed to come in waves. Later that night, it 
became more severe but disappeared by morning 

Subsequently, many similar attacks recurred, usually following strenuous exer 
tion. For a period of six weeks, in May and June, however, she was entirely free 
from this disturbance 

In July a gradual change began to come over the patient. Her face lost much 
of its femininity and became angular in outline, the voice grew lower in pitch, 
and a growth of hair appeared on the chin and cheeks. The menstrual periods, 
previously regular, became scanty and irregular in April, 1925, and disappeared 
altogether after July. 


In August the change in the patient's appearance was quite noticeable. Her 
face was thinner and her complexion § sallow There was a definite subicteric 
pigmentation of the skin and a growth of hair on the face similar to that com 
monly observed in women after the menopause. There was also a thickening of 
the axillary and abdominal hair. At that time she began to suffer from head- 


aches, which were so severe as to compel her to lie down 

One day early in September, after a strenuous day’s work, the patient col- 
lapsed in the subway. She was taken home and remained in bed tor a week. 
That night she had severe pain in the right upper abdominal quadrant. For a 
week afterward, there was an afternoon rise of temperature to about 102 F. At 
that time the liver was not enlarged. From that time on she suffered from 
constipation. 

Complete physical rest was advised, during which time the patient was under 
observation. The skin discoloration deepened, assuming a brownish tint, and the 
liver’s edge became palpable below the costal margin. When she was up for 
any length of time, edema of the feet and ankles would set in. 

The patient was admitted to the Long Island College Hospital, Oct. 28, 1925, 
complaining of pain in the right lumbar region and upper abdominal quadrant, 
swelling of the ankles and legs, abdominal distention after eating, rebellious con- 
stipation and brownish discoloration of the skin. 





* From the Long Island College Hospital, Brooklyn, N. Y. 
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Physical) Examination—The patient was a tall, slender, greatly emaciated 
woman, exhibiting a discoloration of the skin that looked like a combination of 
general pigmentation and jaundice. There was a tairly thick growth of hair on 
the upper lip, the prominence of the chin and the side of the jaw. The abdominal 
hair was of the masculine type of distribution; that is, it came up along the mid- 
line above the umbilicus, extending as far as the ensiform cartilage. The pubic 
and axillary hair was abnormally coarse and thick. 

The eyes were sunken from emaciation. The conjunctivae were jaundiced. 
The voice had become definitely low pitched. 

here was a systolic murmur over the pulmonic area of the precordium, but 

examination of the heart was otherwise negative. A few inconstant rales were 
heard at the right apex and infraclavicular region. There was a considerable 
dulness at both pulmonary bases, with loss of tactile fremitus on the right side. 


om 





Fig. 1—The patient a few days before death, showing the growth of hair in 


the region of the beard 


The abdomen was abnormally full. The lower border of the liver was felt at 
the level of the umbilicus; it was tender in the epigastric region. Below the liver, 
in the right flank, a mass could be palpated, which felt like an enlarged kidney. 

Laboratory Examinations—The urine was dark yellow and strongly positive 
for bile by the foam and Gmelin’s tests, and contained a very faint trace of 
albumin. A few leucin crystals were found. 

The blood count showed 4,480,000 red cells, 82 per cent hemoglobin (Sahli’s 
method, corrected), and 19,600 white cells; the differential count, 80 per cent 
polymorphonuclear neutrophils, 13 per cent small lymphocytes, 5 per cent transi- 
tionals and 2 per cent eosinophils. November 21, five days before death, the red 
cell count was 4,100,000, 7 per cent of the cells being reticulated. The white blood 
cell count was 54,000, 97 per cent of the leukocytes being polymorphonuclear neu- 
trophils. The platelet count was 868,000. 
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The systolic blood pressure was 110; diastolic, 75. Blood chemical examination 
gave normal values for urea nitrogen, uric acid and sugar. 

Roentgenologic examination showed a great increase in the height of the 
diaphragm on the right side. The liver was shown to be enlarged and there was 


t } 


generalized abdominal density, which was believed to be attributable to ascites 





Fig. 2—Section through the tumor and the adherent right kidney; the kidney, at 
the lower pole of the growth, has been compressed; just below the ureter, a sec- 
tion of the tumor and clot mass obtained from the right ventricle at necropsy has 
been placed. 


Course of Illness—From the date of admission, the patient gradually lost 
strength and became drowsy. The skin pigmentation, especially on the face, 
became more intense; the facial hypertrichosis also increased 

The liver grew larger and its surface was more irregular than on earlier exam- 
inations. Edema of the feet and ankles developed. The temperature was normal. 
except during the last two weeks of the illness, at which time it was subnormal. 
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Intermittent pain of increasing severity, finally becoming constant, developed 
in the right upper abdominal region. The patient became duller and duller and, 
November 21, passed into coma. Treatment was merely symptomatic and sup- 
portive. Death from exhaustion took place November 26 

The clinical diagnosis was carcinoma of the cortex of the suprarenal gland, 


with metastasis to the liver and possibly elsewhere 


Postmortem Examination.—The body was extremely emaciated. The skin had 
a general icteric tint. There was a hemorrhagic conjunctivitis, more pronounced 
on the right side. The left pupil was dilated; the right, contracted. The abdomen 


was greatly distended and the veins were abnormally full, especially on the right 


ca 
siae 





Fig. 3.—Cellular portion of the growth; great variety in the size of the cells, 
large number of giant cells, numerous capillaries directly adjacent to the cells, and 
absence of stroma should be noted. 


The heart was somewhat smaller than normal. It weighed 300 Gm. The 
right auricle and ventricle were dilated. The ventricle contained a roundish mass 
of fused tumor tissue and blood clot, measuring 2.5 cm. in diameter. This 
tissue is shown in figure 2. The lungs were normal. 

The liver weighed 2,500 Gm.; it showed a high grade of passive congestion. 
Microscopically, the cords of liver cells were widely separated by edema and dis- 
tended capillaries. The nuclei of the cells were abnormally small and took the 
stain poorly. The spleen weighed 190 Gm. and was congested. The stomach 
contained an excess of mucus. The left kidney was slightly congested but other- 
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wise normal. No suprarenal gland could be found on this side. The diaphragm 
was at the level of the third intercostal space on the left side; of the third rib, 


on the right 

The right kidney was fused with the tumor of the right suprarenal body 
The tumor and the kidney together weighed 2,000 Gm. The mass measured 8 
inches (21.5 cm.) in length, by 5% inches (13.9 cm.) in breadth, by 5 inches (12.7 


cm.) in depth. The upper third of the kidney was buried in the neoplastic sub 


stance. On section, however, one could see bands of fibrous connective tissue 
separating the growth from the kidney. Microscopically, both kidneys showed 
parenchymatous degeneration of the convoluted tubules 

The tumor was located in the region of the right kidney and was adherent 
partly to the diaphragm and partly to the right kidney. It was separaied from 


the liver by a small band of fibrous tissue. It felt firm and elastic. On section, 
the surface at the periphery was fairly firm and cellular; the interior was soft 
and succulent, being the seat of necrosis. The whole tumor was highly vascular 
Extending from the renal vein to the heart, the entire vena cava was filled with 
clotted blood and pieces of tumor mass. One of these fragments had dropped into 
the right ventricle. 

The ovaries were small and congested and showed many surface hemorrhages 
The uterus was small and anteflexed; its endometrium was in the intermenstrual 
Stage. 

Examination of the brain was negative except for a small cyst of the pituitary 
gland, which showed hyaline degeneration on microscopic study. 

Microscopic Examination of Tumor.—Microscopically, the tumor was very 
cellular. The cells were of the large granular type, with ample cytoplasm and 
with dense, hyperchromatic nuclei showing many mitotic figures. A considerable 
degree of diversity in the size of the individual cells was apparent. There were 
numerous capillaries, to which the cells were directly adjacent. There was very 
little stroma. The cells were arranged predominantly in sheets. In some fields 
the tumor was composed largely of giant cells, in which the chromatin stained 
deeply and was irregularly distributed. The center of the growth showed massive 
necrosis. Figure 3 is the microscopic picture of the neoplasm. 

The fragment found in the heart was covered with a layer of fibrin and red 
blood cells. The mass itself was highly cellular and vascular, like the parent 
growth; giant cells predominated. 

No metastases could be found, except for the extensions of the growth to the 
vena cava and the right ventricle. 

The pathologic diagnosis was carcinoma of the cortex of the right suprarenal 
gland, causing death from exhaustion. 


In carcinoma of the cortex of the suprarenal gland, early and exten- 
sive spread and metastasis are the rule. My case was unusual in that, 
in spite of the large size of the tumor, the only extensions were in the 
vena cava and no distant metastases could be found. Another unusual 


feature was the absence of one of the suprarenal glands. 


SUM MARY 
A young woman progressively developed virile characteristics, includ- 
ing facial hypertrichosis, the masculine type of abdominal and axillary 
hair, a low pitched voice and a masculinoid facies. Later, a tumor was 
palpated in the region of the right kidney. Necropsy revealed a large 
carcinoma of the cortex of the right suprarenal gland with extension by 


way of the vena cava but without distant metastasis. 




















UREA RETENTION 


A SIMPLE METHOD FOR ITS ESTIMATION BY rt MERCURY 
COMBINING POWER OF BLOOD 


PHILIP 5.-GHeENCH, ““M:D: 
AND 
MARTHA ALDRICH, B.A. 


ROCHESTER, MINN. 


Simple clinical methods that furnish accurate data are desirabie in 
the study of renal function, particularly for the physician to whom the 
complicated methods of analyzing the blood are not available. The 
method reported in this article is of interest as an accurate index to the 
urea of the blood. The standard determination of blood urea by the 
urease method is an admirable test but requires very careful technic, 
certain laboratory facilities and is somewhat time consuming. The 
method herein reported requires only elementary laboratory knowledge 
and very simple equipment; only about fifteen minutes are required, and 
it gives adequate clinical results. It is the estimation of the mercury com- 


bining power of deproteinized blood. 


NOTES ON THE LITERATURE 

Liebig * in 1853 made use of the ability of mercury to combine with 
nitrogenous products in a method for the determination of urea in 
urine. In 1921 Friedlander? reported a titrametric method with 
mercuric chloride for the determination of urea in urine. In 1922 
we * demonstrated the quantitative relationship between the urea in 
saliva and in blood, a finding since corroborated by Schmitz,‘ Stitt,° 
Landsberg ® and Viotti.? In 1923 we* developed a mercury titration 

* From the Division of Medicine, Mayo Clinic. 
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method for the determination of urea in saliva. We found that mercury 
combined with other nitrogenous constituents of saliva besides urea, 
but that because of the preponderant influence of the urea of the saliva 
on its mercury combining power this could be used as an index to the 
salivary urea and therefore to the blood urea. We advocated the use 
of the mercury combining power of saliva, the “salivary urea index,” 
as an index to urea retention in the body in cases in which blood was not 
readily available. 

The principle, clinical application and accuracy of the salivary urea 
index as an index to urea retention have been confirmed by several 
investigators. Calvin and Isaacs * reported about 200 determinations 
on children at the Michael Reese Dispensary, Chicago. Corkill,'® 
Fairley *' and Meyers '* of Australia and Rockwood and Rockwood, 
individually report satisfactory results, while Pacetto '* of the University 
of Pavia in Italy and Simmel and Kuntscher '® of the Medical Poly- 
clinic at Jena also report corroborating results, with certain slight varia- 
tions in their interpretation of the formula for the salivary urea index. 


Graham and MacCarty '® of the University of Alabama confirmed its 
use with saliva and applied the method successfully to spinal fluid. 
There are conditions such as coma or states of dehydration in which 
blood can be more readily obtained than saliva. Furthermore, the blood 
presents a more stable medium physiologically, and is less subject to 
contamination than saliva, so that determinations on blood give more 


direct evidence of urea retention in the body. 


METHOD FOR DETERMINING THE MERCURY COMBINING POWER 
The method is based on the principle that mercury combines with 
such products as urea, creatinine and uric acid, when a solution of a 
mercuric salt is added to a solution containing these nitrogenous products. 


9. Calvin, J. K., and Isaacs, Bertha L.: Studies on the Salivary Urea Index 
in Children, Am. J. Dis. Child. 29:70-77 (Jan.) 1925. 
10. Corkill, A. B.: The Estimation of the Salivary Urea as an Index to Renal 


Prognosis, M. J. Australia 1:236-238 (March 7) 1925. 

11. Fairley, K. D., and Splatt, Beryl: A Simple Technique for the Estimation 
of the Blood Urea: The Hench-Aldrich Method, M.J. Australia 1:517-519, 1924. 

12. Meyers, E. S.: Personal communication to the author. 

13. Rockwood, E. W., and Rockwood, P. R.: Laboratory Manual of Phy- 
siological Chemistry, ed. 5, Philadelphia, F. A. Davis Company, 1924, pp. 131-132; 
also personal communication to the authors. 

14. Pacetto, G.: La concentrazione ureica della saliva quale indice della 
funzione renale nello studio del ricambio azotato, Riforma med. 41:649-652 
(July 13) 1925. 

15. Simmel, H., and Kiintscher, G.: Die Priifung der Nierenfunktion durch 
Bestimmung des Harnstoffs im Speichel, Deutsche med. Wehnschr. 51:1909- 
1910 (Nov. 13) 1925. 

16. Graham, G. S., and MacCarty, Sarah H.: On the Application of the 
Hench-Aldrich Urea Index to the Spinal Cord, J. Lab. & Clin. Med. 10:548-551 
(April) 1925. 
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\s mercury is added combination continues until the mercury combining 
power of the solution 1s satished, after which excess mercury appears 
in the solution. The excess mercury is readily detected by adding a 
drop of the solution to be tested to a dr yp of saturated sodium carbonate 


on a white spot-plate. A dark reddish brown precipitate indicates the 
presence of excess mercury. ‘The method is here applied to the protein 
free blood filtrate obtained by the use of trichloracetic acid. The 


mercury combining power of this filtrate will vary with changes in the 
concentration of blood urea. 


TECHN I¢ 


The mercury combining power of the blood is determined essen- 
tially as in saliva except that the protein in the blood is first precipitated 
with trichloracetic acid. The precipitation of the protein by the use of 
acetic acid and heat, or by the tungstic acid method of Folin and Wu, 
Was not satisfactory. 

Our method is as follows: 5 ce. of oxalated blood is added drop by 
drop to 5 cc. of 10 per cent trichloracetic acid in a centrifuge tube. The 
contents of the tube are thoroughly mixed and centrifugalized for about 
five minutes. If a centrifuge is not available the mixture may be 
filtered, although this is less rapid and convenient, and may necessitate 
the use of more than 5 ce. of blood to obtain 5 cc. of filtrate. Five 
cubic centimeters of the clear protein free filtrate is then titrated with 
5 per cent solution of mercuric chloride. The mercury solution is 
added from a buret until a test drop of the mixture when added to 
a drop of saturated sodium carbonate on a porcelain spot-plate gives 
a reddish brown precipitate which appears within three seconds. It 
is important to mix the mercuric chloride and filtrate very thoroughly 
before the test drop is removed. .\ yellow precipitate may occur before 
the reddish brown, but the titration must be continued until the precipi- 
tate becomes reddish brown promptly within three seconds. A minimum 
of 1.5 ce. of mercury solution can be added before test drops are 
removed. .\s few test drops as possible should be removed. 

The mercury combining power of blood is defined as the number of 
cubic centimeters of 5 per cent solution of mercuric chloride that will 
combine with 100 cc. of deproteinized blood. If a buret is used, the 
number of cubic centimeters of 5 per cent solution of mercuric chloride 
used for the 5 cc. of blood filtrate is multiplied by 20 to obtain the 
mercury combining power of 100 cc. of blood filtrate. The mercury 
combining power of 100 cc. of filtrate is then multiplied by 2 to estimate 
the mercury combining power of 100 ce. of blood, since the blood was 
diluted by an equal volume of trichloracetic acid to obtain the filtrate. 


17. Hench, P. S., and Aldrich, Martha: The Mercury Combining Power of 
Deproteinized Blo id, Proc Soc. Exper. Biol & Med. 22 556 558, 1924-1925. 
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‘herefore, the mercury combining power of 100 cc. of blood equals 
40 times the mercury combining power of 5 cc. of blood filtrate. 

The titration of the filtrate may be made from a buret or more con 
veniently in the index tube of the apparatus '* described for the determi 
nation of the salivary index (fig. 1). If the salivary index apparatus 
is used, the technic 1s identical to that used for saliva. With the black 
tipped dropper, one drop of saturated sodium carbonate is placed in 
each depression of the porcelain plate. The supernatant blood filtrate is 
poured from the centrifuge tube '* into the calibrated index tube up to 
the line marked “5 cc.” Then with the red tipped dropper the 5 per 
cent solution of mercuric chloride is added until the mark “30” in the 
index tube is reached. With the cork inserted the tube is inverted about 


three or four times for thorough mixing. With the small pipet one 











Fig. 1—Apparatus used to determine the salivary urea index 


drop is added to a drop of saturated sodium carbonate on the porcelain 
plate. The remainder of the contents of the pipet is returned to the 
index tube. If a brownish red precipitate promptly appears on the 
porcelain plate, the end point has been reached; but if no color or a 
canary yellow appears, the titration must be carried further. In this 
case from 3 to 6 drops of mercuric chloride solution should be added, 
the solution mixed and tested again with sodium carbonate; one thus 
adds mercuric chloride into the index tube until the test drop first shows 
a definite brownish precipitate, developing promptly within three seconds. 
The amount of fluid used for the test drops removed should be replaced 
as accurately as possible by water or mercury solution as convenient, 

18. Hench, P. S., and Aldrich, Martha: Apparatus for the Determination of 
the Salivary Urea Index, J. A. M. A. 82:1194-1195 (April 12) 1924. 

19. The precipitate remaining in the centrifuge tube is very adherent but the 
tubes are readily cleaned by boiling from five to ten minutes 
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Fig. 3.—Increase in the mercury combining power, urea, creatinine, and non- 
protein nitrogen of the blood of a dog after bilateral ureteral ligation. Solid dot 
solid line, mercury combining power of blood; solid dot broken line, blood urea; 
open dot solid line, nonprotein nitrogen of blood, and solid dot broken line, blood 
creatinine. 
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and when this replacement is made the number of cubic centimeters of 
mercury solution used for 100 cc. of filtrate may be read directly from 
the index tube. To estimate the mercury combining power of blood this 
figure must be multiplied by 2, as the mercury combining power of blood 
equals twice the mercury combining power of filtrate because of the 


previously mentioned dilution of blood by trichloracetic acid. 


THE CLINICAL SIGNIFICANCE OF THE MERCURY COMBINING 
POWER OF BLOOD 

The mercury combining power of the blood is an accurate index of 
the retention of nitrogen and especially of urea in the blood. This is 
illustrated experimentally by the changes observed when chemical 
uremia is induced in a dog by giving 15 Gm. of urea through a stomach 
tube (fig. 2). There was a parallel rise and fall of the values of the 
blood urea determined by the urease method, the mercury combining 
power of the blood and the total nonprotein nitrogen. It will also be 
noted that 1n spite of the rapid fluctuations 1n these values, an almost 
constant difference of 60 points between the values for the blood urea 
in terms of milligrams for each 100 cc. and the values for the mercury 
combining power of blood was maintained throughout. 

E’stimations of the blood urea by means of the urease method, the 
total nonprotein nitrogen and the creatinine, and the mercury combining 
power of the blood were made in a dog after bilateral ureteral ligation 
(fig. 3). A resultant rise in all values occurred. Again will be noted 
(except for the last very high value) the almost constant difference 
between the mercury combining power of the blood and the value for 
the blood urea, the former being 60 points higher. 

In normal persons and patients with retention of urea a proportional 
correlation between the mercury combining power of the blood filtrate 
and the blood urea (by the urease method) likewise was found over a 
large range of blood urea values from 10 to 560 mg. for each 100 ce. of 
blood (fig. +). 

It will be seen that the mercury combining power of the filtrate rises 
in direct agreement with the rise of the blood urea with but slight 
occasional deviation. It will also be seen that as the blood urea theoreti- 
cally reaches zero, the blood filtrate will theoretically still take up 30 ce. 
of 5 per cent solution of mercuric chloride. Since the mercury com- 
bining power of blood equals twice the mercury combining power of 
filtrate, the mercury combining power of blood without any urea in it 
would be 60 cc., the constant difference noted in the preceding figures. 
In patients with nephritis and retention of nitrogen, urea is the chief 
retained product. Other substances that combine with mercury, such 
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as amino-acids,*’ uric acid and creatinine, either are not increased in 
nephritis or the increase is relatively unimportant from the standpoint 
of the mercury combining power. The linear proportionality between 
the blood urea and the mercury combining power of blood filtrate 
demonstrated on the charts is striking. Apparently the amount of 
mercury combined with substances other than urea is a constant (60 ce.) 
and further variations depend almost entirely on the urea content of the 
blood. [ 
deproteinized blood can be used in such cases as a rapid clinical method 
The latter may be calculated by 


It is obvious, therefore, that the mercury combining power ot 


for the estimation of the blood urea. 


means of the formula: probable blood urea (in milligrams for each 
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Fig. 4—Simultaneous comparisons of the mercury combining power of blood 
filtrate with blood urea values of normal persons and patients with urea retention 
Values erected on the abscissa represent milligrams of urea for each 100 cc. 
blood: on the ordinate, the mercury combining power. If exact proportionality 
A few high values are not represented, 


existed, the values would be on the line. 
the 


including a value of 310 for the mercury combining power of the filtrate of 
blood of a patient with a blood urea of 560 mg. for each 100 ce. 


100 ce.) equals mercury combining power of blood minus 60. Since the 
mercury combining power of blood equals twice the mercury combining 
power of filtrate, probable blood urea (in milligrams for each 100 ce.) 
equals twice the mercury combining power of filtrate minus 60. 
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Fig. 5—Comparison of values for the blood urea calculated from the mercury 


combining power with those actually determined by the urease method. 
proportionality existed the dots would all be on the line. 


urease method are plotted on the abscissa, 


combining power 


Variations. — 
determined there are a few variations 


on the ordinate. 


If exact 
Values for urea by the 
from the mercury 


those calculated 


It will be noted that over the wide range of values 


from theoretical values. The 


number and degree of these deviations are within the limits of acceptable 
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clinical and laboratory methods. These variations must occur because, 
while urea is the substance chiefly responsible for the variations in the 
mercury combining power of the blood above the constant of 60 cc., 
it is not the only substance that combines with mercury. Variations in 
the others may slightly affect the value of the constant 60 and therefore 
the calculation of the blood urea. However, for all practical purposes 
such variations in the constant may be ignored and the foregoing 
formula considered correct. This is shown by a comparison of 250 esti- 
mations of the calculated urea with the urea values directly determined 
by the urease method. 

In 76 per cent the calculated value was equal to or within 5 mg. of 
the urea determined by the urease method. In 20 per cent the difference 
was from 6 to 10 mg.; and in 4 per cent the difference was more than 
10 mg. The 4 per cent may be considered an inaccuracy of the method, 
but in no instance did it lead to a clinical error. That is, in no instance 
were the differences sufficient to give an erroneous clinical impression 

The mercury combining power may also be used as a guide to 
changes in the total nonprotein nitrogen but, in general, we have found 
a much closer relation between the urea and the mercury combining 
power of blood than between the total nonprotein nitrogen and the 


mercury combining power of blood. 


\1 


THE MERCURY COMBINING POWER OF PLASMA AND SERUM 


The urea content of whole blood, plasma and serum 1s generally 
considered to be substantially identical, especially in normal persons 
Plass ** and Madsen ** have recently pointed out that this constancy o| 
distribution of urea is not maintained in certain pathologic states, par- 
ticularly when there are rapid fluctuations in the nitrogen content of 
the blood We have occasionally observed a discrepancy between the 
urea of whole blood and that of plasma or serum not only in abnormal 
but normal states (table 1). 

he mercury combining powers of serum and plasma are about the 
same, though lower than the mercury combining power of whole blood 
n normal persons the mercury combining power of plasma or serum is 
apparently between 60 and 90 as compared to the mercury combining 


yower of whole blood, which is normally between 70 and 100. In case 
] A 


) 
I 


of nitrogen retention the mercury combining power of plasma an 


21. Marshall, E. K., Jr., and Davis, D. M.: Urea: Its Distribution in and 
1 the Body, J. Biol. Chem. 18:53-80, 1914. 

22. Plass, E. D.: Variations in the Distribution of the Nonprotein Nitroge- 
nous Constituents of Whole Blood and Plasma During Acute Retention and 
Elimination, J. Biol. Chem. 56:17-29 (May) 1923 

23. Madsen, St. Tschudi: Researches on the Distribution of RN (Nonprotein 


Nitrogen) and Urea in the Body, Acta med. Scandinav. 6-7:318-326, 1923-19234. 
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serum is increased proportionately to the urea content, and the urea 
content may be approximated from the mercury combining power by 
the subtraction of a constant 50 instead of the figure 60 given in the 
formula for the estimation of the blood urea from the mercury com- 


bining power of whole blood; for example, probable plasma (or serum ) 
I 


1 


urea (in milligrams for each 100 cc.) equals mercury combining power 
of plasma (or serum) minus 50.*4 

The constant may perhaps be used as an index to the amount of the 
substances present in the trichloracetic acid filtrate which combine witl 


mercuric chloride but which do not change appreciably in any condition 
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observed in the estimation of plasma (or serum) urea from the mercury 
combining power of the plasma (or serum) likewise suggests that these 
unknown substances occur in greater quantity in the corpuscles. 
Changes in the unknown substances are apparently of minor importance, 
except those to be noted presently, and for routine clinical use we have 


] | 


found the analysis of whole blood more convenient than that of plasma 


or serum. 


24. The formula was based on sixty-seven cases; a few illustrative comparisons 


are given. 
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THE MERCURY COMBINING POWER IN LEUKEMIA AND POLYCYTHEMIA 


The urea nitrogen of the blood is normally about 50 per cent of the 
total nonprotein nitrogen, although this ratio may vary considerably. 
In certain states, leukemia,*’ polycythemia *° and acute yellow atrophy of 
the liver,** and certain types of the eclampsia of pregnancy,”* it has been 
observed that there may be a profound alteration of this ratio, and the 
blood urea nitrogen may fall to much smaller proportions than 50 per 
cent of the total nonprotein nitrogen. In four cases of lymphatic and 
two cases of myelogenous leukemia and in five cases of polycythemia 
which we have studied, a normal or slightly increased concentration of 
urea was often encountered in the presence of a distinctly increased 
| nonprotein nitrogen. This increase of the total nonprotein nitrogen 
may be explained in part on the basis of an increase in amino-acids 
which we know are increased in leukemia and polycythemia, but this 


increase does not serve to account for the total 


increase in the res 
nitrogen. Analyses of the whole blood, serum, plasma and corpuscles 
were made in the cases of leukemia and polycythemia (table 2). It 
was noted that the formula for the estimation of the blood urea from 
the mercury combining power of the blood could not be correctly used 
(columns 6 and 7, table 2). When the urea was calculated (column 6, 
table 2) from the mercury combining power of blood in these cases, it 


gave much higher values than when it was determined by the urease 


method (column 7, table 2). Calculations of the probable plasma or 
serum urea from the mercury combining power of plasma or serum gave 
values comparable to those actually determined. In two cases the esti- 
mation of the blood urea from the salivary index gave figures com 
parable to those found in the actual determination of blood urea. 


25. Green, C. H., and Connor, H. M.: Diseases of the Liver: V. A. Com- 


parative Study of Tests for Hepatic Function in Certain Diseases of Hemato- 
poietic System, Arch. Int. Med., to be published. Greene, Sandiford and Ross 
(footnote 20). Sandiford, Kathleen; Boothby, W. M., and Giffin, H. Z.: The 
\mino-Acid Nitrogen in the Blood and Its Possible Relation to the Elevation of 

\fetabolism in Myelogenous Leukemia, J. Biol. Chem. 55:23-24, 1923 


th 
26. Greene and Connor (footnote 25, first reference). 

27. Feigl, J., and Luce, H.: Neue Untersuchungen tiber akute gelbe Leber- 
atrophie, I. Ueber den Reststickstoff des Blutes und seine Komponenten. Weitere 
Beitrage zur vergleichenden Pathologie des Amino-saurespiegels im Blute, Biochem. 
Ztschr. 79:162-201, 1917. Stadie, W. C., and Van Slyke, D. D.: The Effect 
of Acute Yellow Atrophy on Metabolism and on the Composition of the Liver, 
Arch. Int. Med. 25:693-704 (June) 1920. 


28. Caldwell, W. E., and Lyle, W. G.: The Blood Chemistry in Normal and 
Abnormal Pregnancy, Am. J. Obst. & Gynec. 2:17-34 (July) 1921. Killian, J. A., 
and Sherwin, C. P.: Some Chemical Studies in Normal and Abnormal Preg- 
nancies: I. Significant Chemical Changes in the Blood in the Toxemias of 


Pregnancy, Am. J. Obst. & Gynec. 2:6-16 (July) 1921. 
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It is therefore apparent that, in the presence of abnormal numbers 
of corpuscles, either red or white, as in polycythemia and leukemia, the 
trichloracetic acid filtrate contains substances that combine with larger 
amounts of mercury than normal. When these disturbing elements are 
eliminated by using plasma, serum or saliva, the mercury combining 
power may be used to estimate the urea. Analysis of the cells them- 
selves suggests that the mercury combining power of leukocytes is 
greater than that of erythrocytes. The total nonprotein nitrogen is 
also higher than the blood urea values would lead one to expect. This 
is due partly to an increase in amino-acids, but this increase alone 1s not 
sufficient explanation. 

Many nitrogenous substances in the blood (amino-acids, polypeptids, 
proteoses, thiasine,*’ creatine, and so forth) normally occur wholly or 
in greatest concentration within the cells and are recognized as responsi- 
ble for the increased rest-nitrogen of the cells compared to that of the 
plasma. The increase in the mercury combining power of the blood in 
leukemia and polycythemia is apparently due to the larger proportion 
of cells, white or red, in such blood. Tables 1 and 2 show that in 
polycythemia there was but little difference between the mercury com- 


bining power of the erythrocytes and that of normal erythrocytes. 


[} MERCURY COMBINING POWER OF STANDARD SOLUTIONS OI 


NORMAL NITROGENOUS CONSTITUENTS OF BLOOD 


Determinations of the mercury combining power of some standard 
solutions of the known constituents of the blood show that these sub- 
stances combine in very different proportions with mercury. Urea, 
creatinine, ammonium salts and the amino-acid, glycine, were tested. 
This method of approach, however, cannot be used to determine what 
elements actually make up the total nonprotein nitrogen of the blood, 
because of the impossibility of synthesizing so complex a mixture as 
blood and testing the mercury combining power of the different elements 
composing it. 


I 


THE SI Ol PHI METHOD: INTERPRETATION AND COMMENT 


Determination of the clinical significance of albuminuria is one of the 
commonest problems of the practitioner. Five per cent of apparently 
healthy persons and more than 50 per cent of Mayo Clinic patients have 
albuminuria. However, in less than half of these cases is the albuminuria 
of consequence. The presence or absence of renal lesions can be 

29. It is of interest to note here that a new sulphur containing compound, 
thiasine, recently isolated from the blood and contained wholly in corpuscles, is 
isolated partly by its ability to combine with mercuric chloride. Benedict, S. R.; 
Newton, Eleanor B., and Behre, Jeanette A.: A New Sulphur Containing Com- 
pound (Thiasine) in the Blood, J. Biol. Chem. 67:267-277 (Jan.) 1926. 
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accurately determined only by the use of tests of renal function. Dis- 
regarding classifications, one of two phenomena is present in nephritis 
first, the retention of products of protein metabolism with consequent 
increase in the nonprotein nitrogen (urea, and so forth) in the blood 
and, second, the retention of salts and water; in diffuse renal lesions 
both phenomena may be observed. 

rhe routine management of patients with nephritis by means of a 
milk diet of from 2 to 4 quarts daily is not scientific treatment. If urea 
retention is present, such a diet includes too much protein; if edema is 
present it contains too much fluid. Water retention speedily manifests 
itself by edema. A marked degree of nitrogen retention, however, may 
occur without producing clinical symptoms of uremia. The determi- 
nation of the presence or absence of retention is the sine qua non of 
rational treatment. 

The determination of the blood urea by the urease method is not 
used extensively in small hospitals or by physicians in general practice 
because the technic seems complicated and time consuming. When the 
relatively inaccurate determination of the hemoglobin in the blood by 
the blotting paper method is compared with the more accurate chemical 
methods, Cabot’s defense is recalled: that the blotting paper method is 
the most inaccurate but, withal, the most useful. Thus it is that simple 
laboratory methods alone become popular and widely used. They are 
desirable so long as the necessary accuracy is not sacrificed to con- 
venience. The simple method presented for determining urea retention 
by means of the mercury combining power of blood is accurate. In the 
hands of the inexperienced worker, it is more accurate than the blood 
urea method because it offers less chances of error in technic. The 
speed and simplicity of the method especially recommend it for clinical 
use. It should therefore be of particular value to the general practitioner 
in routine work, to the small hospital, and for use as a rapid method in 
emergencies by the consultant in the large hospital. It is not meant to 
replace urea determinations when these may be readily done, although it 
is felt to be equally accurate for practical purposes. It is comparable in 
practicability to the universally used phenolsulphonphthalein test of 
Rowntree and Geraghty, and the water test and concentration test of 
Volhard and Fahr. By means of these four tests,°° which may be 
readily carried out by any practitioner with a minimum of laboratory 
equipment and training, all essential information regarding renal func- 
tion can be obtained. 

30. Hench, P. S.: A Note on Renal Functional Tests for the General Prac 
titioner, Northwest Med. 28:539-542 (Dec.) 1924: Practical Considerations of 
Renal Physiology and Function: Their Application to the Management of 
Nephritis, J. A. M. A. 87:7-14 (July 3) 1926 
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CONCLUSIONS 


1. The presence or absence of urea retention in body tluids can be 
| ; 


determined by the estimation of the mercury combining power. 


2. The mercury combining power of blood is defined as the number 

of cubic centimeters of 5 per cent solution of mercuric chloride capable 
: : . Are es 1 r : ene 

of combining with 100 ce. of deproteinized blood. The normal values 


between 70 and 100. 
ea can generally be estimated from the mercury 
combining power by use of a simple formula. 

+. The mercury combining power of serum and plasma are approxi- 
mately equal, though lower than the mercury combining power of whole 
blood. The urea of serum and plasma can also be approximated by 
formula. 

5. The mercury combining power of the blood in polycythemia and 
leukemia varies with the total nonprotein nitrogen rather than with the 
blood urea, on account of the abnormal composition of the blood in such 
cases. The mercury combining power of the serum or plasma or of 
the saliva (the salivary urea index) is not so affected, and may be 
used for the estimation of the urea. 

6. The deviations of the method are within the limits of acceptable 


‘linical and laboratory procedures and the speed and simplicity of the 
test recommend the estimation of the mercury combining power of blood 


for general use. 











THE FORMATION OF ORGANIC ACIDS AND THE 
RETENTION OF CHLORIDES IN LOBAR 
PNEUMONIA * 


CAI HOLTEN, M.D 


COPENHAGEN, DENMA 


It is a well known fact that small amounts of chlorides are found 1 


the urine during the course of lobar pneumonia It was shown in 
1850 by Redtenbacher. It is a constant and as a rule so well pronounced 


a phenomenon that it can be used as a symptom of some diagnostic 
importance. 

Of course a good deal of interest is attached to the pathologic basis 
of this phenomenon, and a good many investigators have been occupi 
with it, e. g., von Terray,’ Jochmann and Bittorf,? von Hoesslin, 
Scheel * and others, but as far as I know no completely satisfactory 
explanation has been given. 

The first question that arises is whether it is a genuine retention 
chloride that exists during pneumonia. In such a highly febrile disease 
the patient of course eats little, and one might think that the slight 
excretion of chlorides was due to the slight food intake. It seems to 
me that previous authors have not given this possibility sufficient 
consideration. 

I therefore put my patients with pneumonia on a constant daily 
ingestion of chloride. By this the existence or nonexistence of a reten- 
tion can be verified and the elimination of chlorides can be followed 
from day to day. The patients were given the following diet: 500 cc. of 
milk, 500 cc. of oatmeal gruel, 200 cc. of cream, 2 eggs, salt-free bread 
and salt-free butter, tea and water, plus 5 Gm. of sodium chloride, that 
is to say, from 6 to 7 Gm. of sodium chloride per day. 

The patients were given this diet from the time of admission till 
three days after the crisis, or after the temperature had become almost 
normal. 

Each portion of urine was brought as soon as possible after having 
been passed to a glass, which was kept in a refrigerator, and a little 
toluene was added. In this manner twenty-four hour samples from all 
the patients to be examined were collected. The content of chlorides 
was determined daily by the method of Bang and Larson. It was soon 





* From the third (medical) department of the City Hospital of Copenhagen. 

* Read before the Congress for Physiology and Experimental Medicine, 
Sweden, April, 1925. 

1. Von Terray: Ztschr. f. klin. Med. 26:346, 1894. 

2. Jochmann and Bittorf: Deutsches Arch. f. klin. Med. 89:489, 1906. 

3. Von Hoesslin: Deutsches Arch. f. klin. Med. 93:404, 1908. 

4. Scheel, V.: Hospitalstidene, 1904, p. 1016. 
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seen that a real retention of chlorides takes place. As an example | 
give chart 1 from patient 1, a man, aged 57, who became ill six days 
before admission; it shows considerable retention and after the fall of 
the temperature, which here was not absolutely critical, an elimination 


that far exceeds the intake. This is a constant feature; I shall later 


return to it (charts 3, 4 and 5). 
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Chart 1 (case 1).—Grams of sodium chloride excreted in urine during 
enty-four hours from June 13 to 26; 1, crisis, June 16-17 
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Chart 2—Open dot and line, grams of ammonia; X and line, cubic centi- 
meters of tenth normal organic acid, and solid dot and line, the relation 


org 


in a case of lobar pneumonia. 


| also undertook the determination of the conductivity of the urine 
after the method of Christiansen.’ By this the peculiar fact came out 
that the normal relation between the amount of chlorides determined by 
titration and the conductivity is altered during the fever period in such 
a manner that the amount of chlorides is relatively much more reduced 
than the conductivity. As an example the following figures from case 1 


are given: 





Wien. klin. Wchnschr. 35:461 (May 18) 1922. 
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Chart 4.—Solid 
chloride; X and line, cubic centimeters of tenth normal organic 


dot 


of lobar pneumonia; 1, crisis. 
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Chart 5.—Solid dot and line, cubic centimeters 
X and line, cubic centimeters of tenth normal or 
of lobar pneumonia: 1, crisis. The patient was a child and was given 3 Gm. of 
sodium chloride daily. 
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8.6 8.5 


June13 Junel4 Juneli Junelé 
Conductivity (expressed as grams of sodium chloride)... 5.3 : &. 
Sodium chloride (titrimetrically), grams................6. 0.7 1.1 1.0 1. 


And for comparison the following figures from two afebrile patients 


with neurasthenia are given: 


At the crisis the normal relation is reestablished in the patients with 
pneumonia; in case 1, in which the crisis occurred June 16, the figures 


were; 


Hence it seems that an alteration of the salt excretion takes place 


during the febrile period of pneumonia so that the normal dominating 
influence of the chlorides on the conductivity of the urine is abolished. In 


order to find out the cause of this I followed the excretion of other salts 
than the chlorides. First, I undertook in three patients the determination 


of py of the urine to know if an elimination of bicarbonate took place. 


Chis might be provoked by a hyperventilation leading to an alkalosis. 
The result is given 1 ible 1 
! entrati f the ( 
( 14 J J 7 J 5 J 2 
( ( ) 6.5 ( s 16 
May 17 May18 Mayl9 M May 21 May May May 24 May 
” 6 ».6 Died 


that 


Table 1 shows that the hydrogen ion concentration is so higl 
bicarbonate cannot exist in these urines. Furthermore, it is seen that 
the acidity of the urine in case 1 decreases after the crisis. 

\fter this the excretion of bicarbonates in cases of pneumonia was 
impossible. 

In thirteen patients daily determinations were undertaken of (1) 


> 


chlorides; (2) phosphates (acetate of uranium); (3) sulphates (ben- 
zidine) and, furthermore, as these two salts did not appear in altered 
amounts, (4) organic acids, after the van Slyke and Palmer ® method; 
and in order to control and supplement the last determination (5) the 
amount of ammonia (Bjérn Andersen and Lauritzen) and (6) nitrogen 

6. Van Slyke, D. D., and Palmer, W. W.: J. Biol. Chem. 41:567 (April) 
1920. 
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(Krogh method). These determinations were made daily in each case 
from admission till at least three days after the crisis, the patients still 


being on the diet described. 


Regarding phosphates and sulphates no alteration was found, and 
the excretion of these salts was not considerably altered after the crisis. 
Two examples are given in table 2. 

Taste 2.—Phosphates and Sulphates } | Fou ) 
Two f J { 
| Se ( = 
Phosphe Sul] ( Phos} 8 S ( 
Pentox \¢ Pent¢ 
G 6 GI G 4G 
l G G 2.7 G 1G 
s\1 G Gi ( ( 7 
11.9 ( G ( f 
1.8 Gm 6 Gm 4 Gm G 
14 G Gi 5G 1.6 G 
i G 5 Gi G& ( 


However, the van Slyke and Palmer method showed values that by 
far surpassed normal values. The principle of this method is the fact 
that quite an insignificant amount of a strong acid is necessary to alter 
the hydrogen ion concentration from 10°° to 210° in a solution in which 
only salts of strong acids are found, whereas almost a whole molecule of 
a strong acid is needed for each molecule of a salt of a weak acid in 
solutions in which such are found. The urine phosphates and carbonates 
are practically the only inorganic salts that act as salts of weak acids; 
these are precipitated by calcium hydroxide, then 0.5 ce. of 1 per cent 
solution of phenolphthalein is added to 25 cc. of urine treated in this 
manner and fifth normal hydrochloric acid is added till the red color 
just disappears. Then 5 cc. of 0.02 per cent solution of tropeolin OO is 
added and the urine is titrated with fifth normal hydrochloric acid 
until the same color is reached as in the standard solution with C, 2 x 10°. 
From the amount of hydrochloric acid used the amount of organic acid 
is calculated; it is generally expressed as cubic centimeters of tenth 
normal acid. Creatinine behaves in the same manner as organic acids. 
Van Slyke and Palmer state that normal persons excrete 8.2 cc. of tenth 
normal organic acid per kilogram in twenty-four hours, which is about 
500 cc. in adults ; this does not include creatinine, which according to van 
Slyke and Palmer amounts to 2 cc. of tenth normal acid per kilogram in 
twenty-four hours. Hence, when creatinine is not corrected for, 600-700 
cc. of tenth normal organic acid is found per twenty-four hours in normal 
adults. The method has been thoroughly tested by van Slyke and Palmer 
and found sufficiently correct for clinical use. I have made a few control 


experiments with it by determining the amount of organic acid found 
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in a number of samples of urine and adding a known amount of lactic 
acid. I have found this again with an error of from 2 to 3 per cent. 

It might be thought that the increase of the amount of organic acid 
was due to an increased elimination of creatinine. A priori it is very 
improbable, for the formula of creatinine is C,H,N,O, its molecular 
weight is 113; in cases of pneumonia the amount of organic acid found 
is not seldom about 2,000 cc. of tenth normal acid per liter of urine; 
in one case in which this was the case the diuresis was 1,100 cc. per 
twenty-four hours, so that 24.6 Gm. of creatinine should have been 
excreted to account for this amount of organic acid. The excretion of 
‘reatinine in a case of pneumonia was found by Leathes* to be 2.34 
per cent of the total nitrogen excretion. The nitrogen excretion in the 
case just quoted was 15.5 Gm.; of this about 9.3 Gm., or 60 per cent, 
should originate from creatinine if 24.6 Gm. of creatinine had been 
excreted. This is, of course, not the case. The largest excretion of 
nitrogen I have found in any of my cases was 23 Gm.; out of this 
0.56 Gm. may have been due to creatinine, if we assume that the relation 
yf creatinine-nitrogen to total nitrogen was the same as in the case 
examined by Leathes. This corresponds to about 50 cc. of tenth normal 

nic acid In the case concerned 1,100 cc. of tenth normal organic 
acid was found, hence the creatinine can account for only a very small 
umount of the organic acid found by titration. And here the determina- 
tion of ammonia and nitrogen shows with certainty that an increased 
excretion of organic acid takes place. Normally the ammonia-nitrogen 
is 4-5 per cent of the total nitrogen. In my cases of pneumonia the 
amount of ammonia-nitrogen in relation to the amount of nitrogen has 
heen increased so that 8-12 per cent has been found; the amount of 
ammonia has been up to 2.5 Gm. As an example of how the relation 

a nitrogen aries with the amount of organic acid and the absolute 
:mount of ammonia, chart 2 is given. The curves follow each other as 
closely as can be expected. 

Another question is if the intake of camphor, which is rather con- 
siderable in some of the cases—in some cases as much as 15 cc. of oil of 
camphor (containing 20 per cent camphor) was given subcutaneously 
in the course of twenty-four hours—might be the cause of the whole 
or a considerable part of the excretion of acids. Camphor is to a large 
degree excreted as camphoglucoronic acid (1 molecule of camphor unites 
with 1 molecule of glucoronic acid). When 15 cc. of oil of camphor 
per twenty-four hours is given the computation of how much campho- 
glucoronic acid this can give in the urine will be as follows: 15 cc. of 
oil of camphor = 13.5 Gm. of oil of camphor = 2.75 Gm. of camphor. 
[The formula of camphor is C,,H,,O + H.O; the molecular weight is 


7. Leathes: J. Physiol. 35:205, 1907 
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1 


152; the formula of the camphoglucoronic acid is C,,H,,O, + H.O; the 


molecular weight is 374; i. e, that about 42 per cent of the 
camphoglucoronic acid is due to camphor. Hence, the maximum 
amount of camphoglucoronic acid, which 2.75 Gm. can lead to is 


6.5 Gm.; this corresponds to a 0.0174 normal solution. As the strength 
of the organic acid in the urine is found to be from eight to ten times 
this value, the role of camphor is unimportant. In accordance with this 
the amount of organic acid determined in the urine can be seen in no 
way to depend on the amount of camphor given. 


Thus, there is no doubt that an abnormal production of organic acid 
takes place during the pneumonia. The amounts found vary somewhat 
from values near the normal, from about 700 cc. to 3,000 ce. of tenth 


normal acid per twenty-four hours for adults 


The question is now how the two urinary constituents (viz., tl 
chlorides and the organic acids) which are found to be abnormal in 
pneumonia vary during the course of it and how they behave at the 
crisis and immediately after it. Regarding the chlorides it has already 
been mentioned that a real retention takes place. At the crisis—son 


times a little before, sometimes a little afterward—the chlorides ris« 


above the amounts given. Charts 1, 3, 4 and 5 show this with great 


distinctness. The reverse is the case with the elimination of organic 
acids. This is, as charts 3, 4 and 5 show, high during the febrile period 


but somewhat varying; at the crisis an abrupt fall to the normal occurs. 

What is the cause of the retention of chlorides? Scheel supposes 
that a water retention on account of stasis is the cause. But this does 
not bear looking into. The clinical impression the patients suffering 
from pneumonia give is that they are dry. This might be false or 
have another significance, but my investigations show that the crisis 
is not followed by an increase of the diuresis and this was decidedly to 


to be expected if the retention of chlorides, which is compensated at the 


crisis, was due to retention of water. In six of my cases, selected by 
chance, the average diuresis per twenty-four hours was 1,380 cc. during 
three days in the febrile period; during three days after the crisis the 
corresponding figure was 1,125 cc. It is not necessary to explain further 
that the corresponding figures for the elimination of chlorides show 
much larger values after the crisis than before. 

If one looks at charts 3, 4 and 5, in which the elimination of chlorides 
and organic acid from three patients with lobar pneumonia is plotted, 
however, it will be seen that the rise of the chlorides is followed by a 
contemporary fall of the organic acid; both these things occur at the 
crisis. This is a phenomenon I have observed in all my cases (besides 
the thirteen patients mentioned, I have examined five for elimination 
of chlorides and organic acid only) ; hence, it is probably correct to put 
the two phenomena into causal connection with each other. The expla- 
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nation I want to offer is that chlorides are retained because organic acids 
are produced. That chlorides actually are retained when an organic acid 
is formed or, what I think must be the same, is brought into the organ- 
ism, can be seen from charts 6, 7, 8 and 9. These are obtained from 
four patients with slight chronic arthritis. Charts 6 and 7 are from two 
patients who had a diet containing 10 Gm. of sodium chloride for from 
ten to eleven days; after from one to two days the amount of chlorides 


in twenty-four hours’ urine was determined for a couple of days; then 
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Chart 7.—Gtams of sodium chloride excreted in twenty-four hours’ urine 
before, during and after the dosage of acetosalicylic acid. 
6 Gm. of acetosalicylic acid was given daily for three or four days. 
This acid in the organism is split into acetic acid, which is combusted, 
and salicylic acid, which is eliminated as salicylic and salicyluric acid. 


After the lapse of three or four days I stopped giving acetosalicylic 
acid, but the patients had the same diet for three further days in which 
estimation of chlorides in twenty-four hour samples was continued. 
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Chart 8.—Excretion of sodium chloride in twe1 ty-four hours’ urine before 
luring the dosage of acetosalicylic acid. 
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Chart 9.—Excretion of sodium chloride in twenty-four hours’ urine before, 


during and after the dosage of acetosalicylic acid together with sodium 
bicarbonate. 
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Chart 8 is froma patient to whom I gave the same diet and in whom 
[ carried out the experiment in essentially the same manner but con- 
tinued giving acetosalicylic acid for five days. From these three curves 
is seen that the intake of organic acid is immediately followed by a 
rapid tall ot the chloride elimination—a retention is produced; from 
art 8 is seen that the retention grows less when the intake of the acid 
is continued for a long time. The chloride elimination does not rise 
immediately after the outset of the acetosalicylic dosage to values cor- 
responding to the intake plus the amount retained—this 1s probably 
explained by the fact that the acid is slowly eliminated; still on the 
second day after the dosage of the acetosalicylic acid had ceased the 
ride test was positive in these urines. 
um of the opinion that these experiments strongly support my 
heory, which as already stated is that the retention of chloride in lobat 
umonia is due to the formation of organic acids which in some way 
or other influence the tissues so that chloride is retained. It is difficult 
velieve that the retention 1s due to an action on the kidney. 
Some authors have maintained this, for instance von Hoesslin * and 
hese investigators say that the cause of the chloride reten- 


n is a deficient power of the kidney to excrete chloride. This cannot 


the case, however, as all who have investigated it have found the 
( ntent of the blood abnormally low, among them Peabody,® 
Mac Lean,?® Snapper,’! Christotfersen,’* Fridericia,’* Jacobsen,’* and 
Gram and Norgaard Mac Lean, who has published the largest series 
f investigations, finds low values (less than 5.62 Gm. per liter of 
. ) during the febrile period and rising values at the crisis. These 


stigations have been made with plasma as well as with the total 


it might be thought that the organic acids took hold of a large part 
ot t tal 1ons for elimination so that chloride was retained. but I 


do not think that this is the case. In two cases of pneumonia I gave 
the patients 1 teaspoon of sodium bicarbonate three times a day; this 


lid not influence the elimination of chlorides. In an experiment with 





on of acetosalicylic acid plus sodium bicarbonate, otherwise under- 
taken in the same manner as the previously described two experiments 
(charts 6 and 7), I have found that the acetosalicylic acid here also 
8. Von Furth: Probleme d. physiol. u. path. Chemie, Leipzig, 2:609, 1913 
9. Peabody: J. Exper. Med. 17:71, 1913. 
10. Mac Lean, F. C.: J. Exper. Med. 22:366, 1915. 
11. Snapper, T.: Deutsches Arch. f. klin. Med. 111:429, 1913. 
12. Christoffersen, N. R.: Ugesk. f. Leger 83:234 (Feb. 17) 1921. 


I 
13. Fridericia, L. S.: Ugesk. f. Leger, 1921. Fridericia, L. S., and Olsen, O.: 
Hospitalstidende, 1912, p. 857. 
14. Jacobsen, A. B.: Ugesk. f. Leger, 1921, p. 234. 
15. Gram, H. C., and Norgaard, A.: J. Biol. Chem. 56:429 (June) 1923. 

















caused a decrease of the elimination of chlorides in somewhat the same 


way as in the other experiments (chart 9) but, as may be seen, the reten- 
tion was abolished much earlier in this experiment. The urine only 


showed the ferrichloride test in the specimens from the first twenty-four 


hours after the outset of the dosage of acetosalicylic acid while the part 
of the urine passed during the night did not show this test. In this 
experiment the urine was strongly basic, so that sufficient alkali must 
have been at the disposal of the kidney. Things here are possibly the 
same as in diabetic acidosis in which alkali treatment accelerates the 
elimination of the acids and neutralizes them in the blood, but probably 


g in spite of th 


does not act in the tissues. Examples of coma continuin 
alkaline reserve in the blood being brought to normal values by alkali 
treatment are well known. 

Where are the chlorides retained ? 

Several authors have sought for them but have not been able to find 
anything conclusive as to any tissue containing them. Scheel among 
others has examined the lungs but found that the percentage of chloride 
contained in the pneumonic tissue is less than in the normal lung tissue 
and even when we regard the large weight of the condensed tissue this 
can, according to Scheel, account for only a few grams. 

However, the amount of sodium chloride retained during the whole 
course of a lobar pneumonia is not very great. In one case in which 
the patient was admitted on the day after the onset of symptoms I cal- 
culated the retention as 30 Gm. in the course of eight days; as the weight 
of the patient was 65 Kg. the increase of the content of chlorides of the 
tissues will be 0.055 per cent if we assume that all tissues except the 
bones participate in the retention. 

The investigations of later years, particularly by Wahlgren * 
Padtberg,'* have shown that the chloride content of the tissues, and espe- 
cially of the skin, is very variable. It is therefore easily understood that 
moderate increase of the chloride content easily avoids demonstration, 
particularly when it is considered that the retention is less when the 
disease has been of shorter duration. 

Furthermore, it is another question as to which acid it is that is pro- 
duced in lobar pneumonia. I have tried to obtain some knowledge about 
this but have not yet finished these investigations. I have systematically 
examined the urine of thirteen patients daily for aceto-acetic acid and 
acetone with negative results. I have in some cases sought for B-oxy- 
butyric acid after the method of Ohlsson, with negative results. I have 
examined the filtrate from the precipitation with calcium hydroxide for 
ethereal sulphates, with negative results. 


16. Wahlgren: Arch. f. Pharmakol. 63:60, 1910. 
17. Padtberg: Arch. f. Pharmakol. 61:62, 1909. 


HOLTEN—LOBAR PNEUMONIA 499 




















MEDICINE 





OF D8 





ARCHIVES INTERN. 





Also, I have extracted the urine with ether and estimated the amount 
of organic acids before and after this procedure and found that part of 
the organic acids pass into the ether; I have treated the ether extract 
with a 30 per cent solution of sodium carbonate, distilled after sulphuric 
or phosphoric acid was added in sufficient amount, and tried to find 
formic acid and acetic acid but have found nothing definite. Last, I 
have tried to find lactic acid after the method of Boas-Vournasso by 
formation of iodoform and got a positive result. I have endeavored 
to estimate the amount of lactic acid but these investigations have not yet 
been concluded. I can only state that lactic acid is found in the urine in 


[3 ] 
i 


;ODar pneumonia 


} 


ut not whether it constitutes the largest part of the 


organic acid found. 
At last we might ask if this formation of organic acid is due to 
loxemia 
As Lundsgaard ** has pointed out we must, as a rule, expect to find 


cyanosis in anoxemic patients and some only of my patients have been 
cae Furthermore, one knows from the investigations of Haldane 
and Yandell Henderson that anoxemia caused by low oxygen pressures 
by an alkalosis with lowered excretion of acids in the urine. 
[ have examined the urines from two patients with chronic cyanosis (one 


it with congenital heart disease and one patient with tumor medias- 


patien o 
tind ) nd ane natient with acute cvanne) -anillar br 1) ‘hit . nlicat- 
tint) and one patient with acute cvanosis (capillary bron¢ is complicat 
ing heart disease) without finding the amount of organic acids in the 
urines increased. 

It is probable, however, that the formation of these acids is due to 
metabolic alterations during fever. Fridericia and Otto Olsen in cases 


of fever have found the tension of the carbon dioxide in the alveolar air 
decreased. Lundsgaard in eight cases of pneum on has found the 
arbon dioxide tension in the arterial blood decreased. Both these things 
ably due to a formation of acids 

Fridericia and Olsen suppose that an acidosis is found often during 
fever. This phenomenon as judged from the excretion of organic acids 
1] 


does not exist so constantly and so pronouncedly in other febrile condi- 


tions as in pneumonia. I have examined the urines from four patients 
with fever due to casein injections and from one patient with pul- 
monary tuberculosis and not found any increase of the organic acid. In 
one case of septic endocarditis with temperatures between 38.5 and 
39.5 C. I found the following values: August 1, 492 cc. of tenth normal 
acid; August 2, 578 cc., and August 3, 700 cc. The last value is no 


doubt increased as the weight of the patient was only 45 Kg. It is in 


Lundsgaard, C.: Ugesk. f. Leger 86:527 (July 10); 561 (July 24) 1924. 

















HOLTEN—LOBAR PNEUMONIA 501 


perfect accordance with this and with the theory of the cause of the 


retention of the chlorides that decreased elimination of chlorides has 
been found, to a less extent and less ce ynstantly in other febrile diseases, 
e. g., typhoid fever and several others. Scheel mentions rheumatic fever 
but my investigations make it probable that the treatment with salicyl at 


least to a certain extent plays a role here. 
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\ SPECIAL REFERENCE TO THE CLOTTING OF THE BLOOD * 
A. CANTAROW, M.D 
\\ R. CAVEN. “MB. Cor 
AND 
RGESS GORDON, M.D 
PHILADELPHIA 

\ substance present in the parathyroid gland has been proved to 
nerease effectively the amount of calcium in the circulating blood. The 
substance was first satisfactorily extracted by Collip* and his results 

ve since been confirmed by Hjort,? Berman * and others. This has 
led to more definite understanding of certain features in calcium 
metabolism about which previously there was considerable doubt. There 
s mt speculation as to the condition in which calcium exists in the 
blo nd the factors that operate to maintain or to modify its normal 
conce ion. According to Howland,’ calcium, phosphoric acid and 
carbor yxide are present in the blood in a finely balanced equilibrium, 

strated by the following equation: 
s O, = 2CaHPO, C HCOs)2 — 2C ++ 2HPO, -+4 ( HCOs 
\s Wells ® states, the calcium salts are held partly in solution, partly in 
yrotein suspension, and partly in the form of calcium ion protein com- 
ounds. This condition is extremely unstable, subject to alteration by 
m the medical serv of Dr. Thomas McCrae, the Department for Dis 
S Chest of Jefferson Hospital and the Department of Physiological 
(hen I lefferson Medical College 
a the expense for this investigation was defrayed by a grant from 
memory of Roland L. Taylor, Jr., Gwynedd Valley, Pa 
Collip, J. B The Extraction of a Parathyroid Hormone Which Will 
Pr it or Control Parathyroid Tetany and Which Regulates the Level of Blood 
Calcium, J. Biol. Chem. 68:395 (March) 1925. 

2. Hjort, A. M.: Robinson, S. C., and Tendick, R. F. H An Extract 
Obtained from the External Bovine Parathyroid Glands Capable of Inducing 
Hypercalcemia in Normal and Thyreoparthyropriva Dogs, J. Biol. Chem. 65:117 

Aug 1925 
é 3. Berman, L Separation of Internal Secretions « Parathyroid Glands, 
Lab. & Clin. Med 11:412 (Feb.) 1926 

4. Howland, J.: Etiology and Pathogenesis of Rickets, Harvey Lectures 
18:189, 1922-1923 

5 Tells, H. G Chemical Pathology, Philadelphia, W. B. Saunders Com- 
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very slight changes in the calcium level, the hydrogen ion concentration, 
the carbon dioxide and phosphate content, and the amount and nature 
of the proteins. The blood is normally supersaturated with calcium, 


the maintenance of the normal level being rendered possibl 


e only by the 
presence of an excess of carbon dioxide. Freudenberg and Gyorgy, as 
quoted by MacCallum,® have devised a convenient formula to explain the 


} 


relationship between the calcium, bicarbonate and phosphate ions and 
the hydrogen ion concentration: 
Ca++ (HCO HPO, 


cH 


According to this conception the concentration of calcium ions 
decreases as the bicarbonate and phosphate ions increase and in addition 
increases as the hydrogen ion concentration increases and vice versa 

These facts are in accord with observations made in many experi- 


Diy 
in all instances 


mental and pathologic conditions but do not hold true 


\ chemical expression of this nature is unsatisfactory because it leaves 
entirely out of consideration the very important and perhaps dominating 
influence of the blood proteins. However, in addition to these known 
factors, it was generally believed that there existed some unknown agent 
of fundamental importance in calcium metabolism, probably related in 
some way to the secretion of the parathyroid glands. Following the 
extraction of an active principle of these glands it has been demonstrated 
that the administration of this hormone is followed by an increase in the 


concentration of calcium and phosphates in the blood without any of the 


compensatory changes mentioned above, which are ordinarily believed 
necessary for the maintenance of the solution and suspension complex 
\s stated by Greenwald and Gross,’ the only reasonable explanation 
for this increased sattfration of an already supersaturated solution is tl 
the parathyroid hormone in some way retards the precipitation of calcium 
from the blood. One might assume that it does this either by actuall 


increasing the solubility constant K of the formula shown above or 


increasing the ratio of protein-bound calcium to free calcium. The 
same authors have shown that the calcium level is raised and the 
excretion of calcium increased without the administration of calcium 


in the food. This must occur, as they say, at the expense of tissues that 
represent the fixed calcium deposits of the body. In view of these facts, 


they conclude that the functions of the parathyroid hormone seem to 


6. MacCallum, W. G.: On the Pathogenesis of Tetany, Medicine 3:137 
(May) 1924. 

7. Greenwald, I., and Gross, J.: The Effect of the Administration of a Poter 
Parathyroid Extract upon the Excretion of Nitrogen, Phosphorus Calcium and 


Magnesium with Some Remarks on the Solubility of Calcium Phosphate in 
Serum and on the Pathogenesis of Tetany, J. Biol. Chem. 66:217 (Nov.) 1925 
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be, first, the retardation of the precipitation of calcium from the blood 
and, second, the abstraction by actual solution of calcium from bones and 
probably other calcific deposits. 

There has been considerable animal experimentation concerning the 
action of the hormone. The results have been constant in dogs and 
cats, but in rabbits, rats and guinea-pigs it has been found difficult to 
influence the level of the calcium in the blood. An excellent review of 
the recent literature is given in a comprehensive paper by Collip.S In 
spite of the large amount of work done on the subject there has been little 
systematic study reported on the effects of the hormone on human 
beings. In a preliminary study at the Jefferson Hospital ® certain 
clinical observations were made which led to the further investigation of 
the causes underlying some of the phenomena noted. Of special interest 
was the tendency for the cessation of hemoptysis in pulmonary tubercu- 


1 ] 


osis which occurre 
1] 


thyroid hormone. 


within fifteen minutes after the injection of para- 


In the present study two groups were observed, hospital and out- 


patients. The patients had chronic pulmonary tuberculosis, active and 
arrested, bronchial asthma, pulmonary suppuration or pulmonary neo- 
plasm. <All patients were under routine hospital management. In the 


] 


idy various blood determinations were made before 


first part of the st 
and after the injection of the parathyroid hormone.'? ‘These consisted 
of red and white blood counts; estimation of hemoglobin by the Dare 
method; blood viscosity by the Hess viscosimeter ; clotting time by the 
Bogg’s coagulometer ; estimation of calcium *! and inorganic phosphates 
of the serum; carbon dioxide combining power of the plasma; plasma 
chlorides, and percentage plasma volume. 

On account of the clinical observations previously noted ® our interest 
was particularly centered in the changes that occur from eight to twelve 
hours following the administration of the hormone. The patients in the 
first group received 15 units subcutaneously at 4+ p. m. followed by 
10 units at midnight. The subsequent blood determinations were made 
at 10 a. m. the following day. 

In table 1 the following results will be noted: 

Red and White Blood Counts and Hemoglobin.—In most cases the 
determinations made after the injection of the extract showed an increase 
both in the red and white counts and in the hemoglobin. 


8. Collip, J. B.: The Parathyroid Glands, Medicine 5:1, 1926. 
9. Gordon, B.; Lewis, A. K., and Roark, J. L.: The Effect of Parathyroid 
Hormone on Certain Signs and Symptoms in Pulmonary Tuberculosis, J. A. M. A. 
86:1683 (May 29) 1926. 

10. The preparation used was parathormone supplied by Eli Lilly & Co., 
through Drs. G. H. A. Clowes and J. H. Warvel. 

11. Clark, E. P., and Collip, J. B.: A Study of the Tisdall Method for the 
Determination of Blood Calcium, with a Suggested Modification, J. Biol. Chem. 
63:461 (March) 1925. 
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Blood Viscosity.—In four of the seven cases in which this determi- 


nation was made a definite increase in viscosity, especially marked in 


one case, was noted. 

Clotting Time.—The reduction in clotting time was a striking feature 
of this study. In some instances it was reduced to less than one minute 
and in these cases there was great difficulty in obtaining a red count as 


ipet before the diluting fluid could 


the column of blood clotted in the py 





hat a definite rise in serym calcium occurs 
following the administration of parathyroid hormone has been well 
ablished by several investigators. In making this determination our 
aim was to show a possible correlation between the concentration of 
ium at a given time and the other changes that occurred in the blood 


rather than to demonstrate the elevation of calcium. In this, no striking 





thange in the serum calcium was noted except in two instances. One 
patient (patient 6) showed a rise of 2.8 mg., and the other (patient 10) 
ecrease of 2.2 mg. It is not unlikely that the rise in calcium that 
loubtedly occurred in every case was missed in several instances 
because the determination was made at an interval too long after the 
injection of the hormone. This was subsequently shown by a detailed 


1 z in Lineaaens. se ~antratint 
tudy of the calcium concentration. 


Inorganic Phos phat Onlv a small number of determinations were 
n nd the results were inconstant. 

Carbon Dioxide Combining Power of Plasma.—In six cases there 
was a slight decrease in the carbon dioxide combining power and in two 
) 1¢ nts 1 incre ase was noted. 

2) Oe lea Dente Beene Newnes ted in the concentra- 

Fiasma Chlorides NO constant change Was noted in the concentra 

mn of plasma chlorides, some cases showing an elevation and others 
1 drop 
Percentage Plasma Volum he results obtained in this study 


were variable. However, since blood volume determinations were not 
made, no definite conclusion can be arrived at regarding the significance 
of these figures. 

In this group of studies three points are outstanding. 

First, a definite decrease in coagulation time was observed in every 
case, which in some instances was very marked. 

Second, there seemed to be a general tendency toward increased 
concentration of the blood as suggested by the rise in red and white 
counts, hemoglobin and blood viscosity. Although this is not borne 
out by our estimations of percentage plasma volume, the latter is not 


of great value because of probable variation in blood volume. 
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Third, it is apparent that the concentration of calcium in the serum 
has no constant relation to the rate of coagulability. At the point of 
determination the clotting time was found to be generally decreased 
and the serum calcium, though in most cases increased above the control 
level, was not always altered in proportion to the drop in clotting time. 

, 

i 


V 


from this it 1s obvious that the clotting time is not influenced directh 


by the level of serum calcium. The reason for this is suggested when 


the mechanism of coagulation is considered. Since calcium participates 





actively in this phenomenon, it seems reasonable to assume 
a marked variation in clotting time and in the calcium content of the 
blood occurs there should be a variation in the amount of calcium incor 
porated in the clot. When the serum calcium is determined that portion 
included in the clot is naturally excluded. An investigation of th 
changes that occur in the calcium content of whole blood following the 
administration of the parathyroid hormone seemed worthy of considera 
tion. 

[In the second group of cases determinations were made of whole 
blood calcium, serum calcium and coagulation time at t 
vals following injection of the parathyroid hormone. ‘The dosage in 
all cases was 15 units given subcutaneously) In most cases four con- 
secutive determinations were made apart from a preliminary control 
[In two instances additional estimations were made at the end of twenty- 


four hours. The results are illustrated in table 2 











} 7 
[TABLE 2.—( N¢ t } OV Cl } f ti 
wid Serum ¢ l [ ae i? Wl 
P . 
/ 1701 f Tt ut } 
Case Contre H 6 He s He S H s I 
l Ck ¥14 
* Bloc ile 7.64 7.7 1.8 ’ 
™“ ( l 4 7 ’ 
ch gt € { 1/30 ) 
oC { iT I 5 & 
S« ecale 15 ».04 4 24 
Clotting time t 3 
Blood ealei ( g g 1 
Se m caleiun 1 . 6 
4 Clotting time.... Y 40" 20"? y 
Blood ealeium ( 7 52 l 10 
Serum ealcium.. 10 14.54 11.4 1.04 10.7 
5 Clotting time wy F i’ 1740” v F os 
Blood ealeium,.. - 9.54 11.99 12.2 1.8 8.07 
Serum calcium 10.45 lt 9.5 10.78 1 8 
6 Clotting time 7 Y 30" 1730” 1730” 
Blood ealei 9.61 10.09 10.52 7 8.18 
Serum eal 0.09 0.09 8.8 ) Mf 
All patients had chronic pulmonary tuberculosis except patient 1 (normal 
* Blood and serum calcium values are expressed in milligrams per hundred cubie centimeters 


Serum Calcium.—The general tendency noted was a sharp rise in 
serum calcium within the first six hours. This elevation, however, did 


not occur in every case but since blood was taken only at three hour 
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intervals, intermediate variations may have been missed. In all cases 
the calcium had returned close to the original level within twelve hours. 

Whole Blood Calcium.—The normal limits of whole blood calcium 
were found by us '* to be from 6.5 to 9.5 mg. per hundred cubic centi- 
meters, the concentration in each case being definitely below that in the 
serum. In every instance after the hormone injections an increase 
occurred, gradually in most cases but abruptly in some. In every case the 
whole blood calcium level rose at some time above that of the serum 
calcium. 

Coagulation Time——The point at which the coagulation time was 
| 


lowest bore no constant relation to the serum calcium level at that 


particular time. However, in each instance the point of most rapid 


coagulation occurred at the time when the concentration of calcium in 


the whole blood was greatest (accompanying chart). 








16 
\ whole blood Calkewwrrr 
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: Nee Coagulation Time 
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Hours after in jection 1S wrtls Parathyroid L2xtracy 





Characteristic changes in the whole blood and serum calcium and coagulation 
? 


time following the administration of parathyroid extract in case 1, table 2. 


As a result of these observations it seems that the period of most 
rapid coagulation occurs between ten and fifteen hours after the injection 
of parathyroid hormone. At this time the whole blood calcium is 
elevated to its highest point. It appears, therefore, that the clotting time 
bears a more definite relationship to the calcium level of the whole blood 
than to that of the serum since it was noted that the greatest elevation 
of the serum calcium occurred between two and five hours after the injec- 
tion of the extract. There is a tendency to attach greater significance to 

12. Caven, W. R., and Cantarow, A.: A Simple Method for the Determination 
of Calcium in the Whole Blood, J. Lab. & Clin. Med., to be published. 
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the calcium content of the serum than to that of the whole blood. As 


the present study suggests, this is apt to be misleading in determining 
the dosage and time of administration of the hormone. 


CONCLUSION 
1. So far as can be determined under the conditions of this study 


there seems to be no significant change in carbon dioxide combining 


power or in the plasma chlorides following the administration of para- 
thyroid hormone. 


1 7 ] 
he blood 


2. There is a tendency toward increased concentration of t 
as evidenced by an increase in red and white counts, hemoglobin, and 
in the blood viscosity. 

3. A definite decrease in clotting time was noted in most cases. 

4. The time of most rapid coagulation corresponded in every case 


to the point at which the whole blood calcium was highest, rather than 


to the highest point of the serum calcium. 
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THE QUANTITIES OF SERUM ALBUMIN, GLOBULIN 
AND FIBRINOGEN IN THE BLOOD PLASMA IN 
\CUTE AND CHRONIC NEPHROPATHIES * 


GEORGE FAHR, M.D 
AND 
W. W. SWANSON, M.D. 
blood plasma are hydrophilic colloids. They 


e proteins of the 
tend to hold the water of the plasma within the blood capillaries by 


rtue of their osmotic pressure and inability to diffuse through animal 


met nes, despite the hydrostatic pressure tending to filter the water 
it of the capillaries 
\We understand the osmotic pressure of hydrophilic colloids as being 
the sum of the pressure exerted by the particles as molecular kinetic 
units moving freely in the solution volume and the pressure due to the 
wdration of the hydrophilic colloids. If we knew the number of 


hydrophilic colloid particles in a solution of given volume we should 
know their osmotic pressure because in addition to the properties of 


lecular kinetic units the particles have an attraction for water and 


each particle is surrounded by a shell of water. This shell of water 
SE. CAREER Cree On PR re | eee ee ene Pees, | ag ar ae loine increase 
educes the true volume otf soivent materially and 1n SO doing Increases 
he osmotic pressure in proportion to the decrease in volume. In addi- 
tit e Donnan equilibrium counterpressure is a factor that must be 


considered in evaluating the water holding power of the plasma colloids. 

Ultrafiltration of plasma fluid minus the proteins can take place in 
the glomerular and tissue capillaries when the hydrostatic pressure within 
pillaries rises above the osmotic pressure of the colloids of the 
plasma. Everything else remaining constant, the rate of filtration of 
plasma fluid into the tissue spaces and glomerular capsule will be pro- 
portional to the difference between the hydrostatic pressure and the 
osmotic pressure of the colloids. We decided to study the changes in the 
quantities of serum albumin, globulin and fibrinogen in the plasma of 
patients with nephritis and nephrosis before undertaking an investigation 
of the osmotic pressure of the plasma colloids in nephropathies with 
edema formation. The osmotic pressure of the proteins of the plasma 
would be proportional to their concentration provided there were no 
changes in degree of dispersion of the colloids or changes in the degree of 
hydration. 


* From the Department of Medicine of the University of Minnesota Medical 
School and the Minneapolis General and University Hospitals. 
* Carried out with the aid of a grant from the Ella Sachs Plotz Foundation. 
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Changes in the amount of albumin would be more significant than 
equal changes in the amount of globulin because the albumin molecule 
is only from one-half to one-third as large as the globulin molecule.’ 
For this reason a knowledge of the albumin-globulin ratio may be of 
value in calculating osmotic pressure of the proteins of the plasma when 
the total protein content of the plasma is known. 

An article on the concentration of the plasma proteins in nephritis by 
Linder, Lundsgaard and Van Slyke* appeared shortly after we had 
begun our analyses. When it came to our attention our work was well 
under way. We have carried out analyses on twenty-six patients and 


submit this article as a confirmation of their work 


[In classifying our nephropathies we have followed the Volhard and 
Fahr* system. What we have termed subacute glomerulonephritis 


would correspond to chronic glomerulonephritis stage 1 1n their classi 
fication. What we have termed chronic glomerulonephritis they would 
classify as stage 2 or stage 3 chronic glomerulonephritis. Only cases 13, 
17 and 19, table 3, belonged in stage 3 of their classification. The other 
cases belong in their stage 2 group. We have used the word hyper- 
piesia to denote what Volhard and Fahr term benign hypertension. Sir 
Clifford Albutt deserves the greatest credit for differentiating a group 
of cases with high blood pressure which usually terminated in heart 
failure rather than uremia from cases of true nephritis. Out of piety 

» him we have used the word “hyperpiesia” which he used to designate 
such cases. All our patients with hyperpiesia came into the hospital in 
an advanced stage of heart failure and died there. Edema formation 
is only of considerable degree when heart failure develops. For this 
reason we only investigated the plasma protein content in cases of hyper- 
piesia with heart failure. 

Our diagnoses were confirmed by postmortem microscopic examina 
tion of the kidneys in the seven cases it was possible to obtain a post- 
mortem. Our experience in checking predicted anatomic change with 
actual anatomic change as found on microscopic examination post mortem 
has been fairly extensive and the results have been such that we believe 


that we can predict with considerable accuracy the essential anatomic 


changes and their degree in the glomeruli, in the tubuli, and in the smal 
blood vessels of the kidneys of patients with glomerulonephritis, with 
genuine nephrosis, and with arteriolarsclerosis of the kidneys. We there- 
fore feel that the diagnoses of the cases in this series are deserving of 
considerable confidence. 
1. Cohn, E. J.: The Physical Chemistry of the Proteins, Physiol. Rev. 5:349 
(July) 1925. 

2. Linder, G. C.; Lundsgaard, C., and Van Slyke, D. D.: The Concentration 
of the Plasma Proteins in Nephritis, J. Exper. Med. 39:887 (June) 1924. 

3. Volhard and Fahr: Die Brightsche Nierenkrankheit, Berlin, 1914. 
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ANALYTIC METHODS 

All analyses were done on oxalated fluids and these were never per- 
mitted to stand in the icebox longer than twelve hours before the analysis 
was started. In most instances duplicates were made and an average 
taken as the true value. Stasis of the blood in the vein from which 
blood was drawn was avoided as far as possible. 

The detetrmination of plasma proteins and proteins in body transu- 
lates was carried out by the method of Wu. The amounts of serum 


globulin and fibrin are expressed in grams per one hundred 





cubic centimeters of blood. 
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PLASMA PROTEINS IN NORMAL PERSONS 

We examined the plasma proteins of nine normal medical students 
and physicians. Our analyses of the content of total protein, of serum 
albumin, of serum globulin, and of fibrin in the blood plasma of these 
nine normal persons ranging in age between 20 and 40 years has 
resulted in figures that are in good agreement with the figures obtained 
by all recent investigators. We have calculated the arithmetic mean 
and the coefficient of deviation for total protein, serum albumin and 
serum globulin from the values obtained by Linder, Lundsgaard and 
Van Slyke * on seven normal persons, by Epstein ® on seven normal 
persons, and by ourselves on nine normal persons. ‘These figures are 
shown in table 1. The “mean” of our nine values corresponds very 
nicely with the mean from the twenty-three values obtained by the 
investigators. The differences between our “means” and the ‘means’ 
calculated from all the values is less than the coefficient of deviation in 


4. Wu, H.: J. Biol. Chem. 51:33 (March) 1922. 
5. Epstein: Contribution to the Study of the Chemistry of Blood Serum, 
J. Exper. Med. 16:719, 1912; Further Studies on the Chemistry of Blood Serum, 


ibid. 17:444, 1913. 
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every case. Peters ® has shown that these values obtained on oxalated 
plasma are 6 per cent lower than in nonoxalated plasma because of the 
contraction in erythrocytes brought about by the oxalate. As all determi- 
nations on plasma will be carried out on oxalated plasma there is no 
need for applying this slight correction. Values of total plasma protein 
less than 6 and more than 8.5 should be looked on as being outside the 
range of normal. A serum albumin content less than 3.5 or greater than 
5.5 should be considered outside the normal range. A plasma containing 
less than 1.5 Gm. of serum globulin or more than 3.5 Gm. per hundred 
cubic centimeters is certainly outside the normal range. In fact, when 
the serum globulin content of the plasma in a case of nephritis is below 
2 there is reason to believe that the globulin content has diminished from 
the normal value and when the globulin is found higher than 3 in a 


case of nephritis there is good ground for suspicion that the globulin 


g 
content has increased above the normal value for that case. 

The results of our investigation of the plasma proteins in ten cases 
of acute and subacute glomerulonephritis are contained in table 2. 
Seven cases showed definite lowering of the total protein content of 


the plasma. This lowering was due largely to the reduction in serum 


albumin content. The serum albumin in case 1 is only 33 per cent of our 
mean normal value. In cases 2 and 3 the serum albumin is only 40 per 
cent of our mean normal value. On the whole there is little tendency for 
the serum globulin values to fall; in fact, in cases 4 and 10 the values 
for serum globulin are higher than any of the values in Linder, Lunds- 
gaard and Van Slyke’s or our normal cases. There is no reduction in 
the amount of fibrin in any case, and cases 8, 1 and 2 show definite 
increases above what may be considered normal values. We neglected 
making quantitative determinations of the daily output of plasma pro- 


teins in the urine so that our work throws no light on the source of 
loss of plasma protein. Qualitative tests always showed heavy traces of 
albumin in the urine when the plasma proteins were lowered. There is 
unquestionably a close inverse correlation between degree of edema and 
amount of plasma protein or even better between degree of edema and 
amount of serum albumin. But this inverse correlation should not be 
assumed to prove a cause and effect relation between reduction in 
plasma protein and edema, because a case of acute glomerulonephritis 
may have lowered plasma proteins at a time when diuresis is in process 
and all visible edema has disappeared or a case of acute glomerulo- 
nephritis may show no reduction in plasma protein and vet a very marked 
edema be visible. Patient 4 came into the hospital with moderate 
edema which disappeared within two weeks on fluid restriction. At the 

6. Peters, J. P.; Eisenman, A. J., and Bulger, H. A.: J. Clin. Investigation 
1:435 (June) 1925. 
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same time the blood showed a definite reduction of plasma | 


yroteins, the 
serum albumin on May 7 being 60 per cent of our mean normal at a 
time when there was n 


» visible edema nor any evidence of “concealed” 
edema. A Volhard water excretion test 2 performed May 3 demon- 
strated that these kidneys could excrete at least 5 liters per day under 


stress. Case 7 showed a normal plasma protein content at a time when 


visible edema was present and a slightly reduced plasma protein content 


after all visible edema had disappeared. The plasma protein and serum 
albumin content of case 10 were normal at the time when there was 


marked visible edema present. 


In table 2, case 2, we have added analyses of hydrothorax fluid, 
ascites and anasarca fluid. On one occasion 6,000 cc. of ascites and on 
another occasion 1,500 cc. of hydrothorax fluid were withdrawn from 
this patient, representing 36 Gm. of serum albumin and 24 Gm. of 
serum globulin in the ascites fluid withdrawn and 7.5 Gm. of serum 


albumin and 1.5 Gm. of serum globulin in the hydrothoracic fluid with- 


drawn. There was an indeterminable amount of ascites and hydro- 


thoracic fluid remaining after the tapping so that we can be sure of a 
loss of more than 45 Gm. otf serum albumin and 25 Gm. of serum 


globulin in these fluids. The protein content of the anasarca fluid was 
very small and in spite of the large amount of anasarca fluid can have 
played little part in the loss of serum albumin from the blood plasm 
The total serum albumin content of both the ascites and hvdrothorax 
fluids was approximately 25 per cent of the total plasma serum albumin 


] 


content. The serum albumin in the ascites and hydrothoracic fluids can 
therefore account for a small part of the serum albumin loss from the 
plasma. Patient 2 weighed about 180 pounds (81.6 Kg.) and therefore 
his plasma volume was about 4,000 ce.’ 

Four thousand cubic centimeters of normal plasma contain about 
80 Gm. of serum globulin. Four thousand cubic centimeters of plasma 


from patient 2 contained about 40 Gm. of serum g 


lobulin. There had 
therefore been a loss of about 40 Gm. of serum globulin from the plasma. 
The amount of serum globulin in the ascites and hydrothoracic fluid in 
patient 2 might account for the greater part of the loss of serum globulin 
from the plasma. It will, of course, be impossible to state whether the 
protein lost into the ascites and hydrothoracic fluids is a factor of any 
consequence in the reduction of serum albumin and globulin in the 
plasma of patients suffering from nephritis until quantitative studies on 
the rate of regeneration of serum albumin and globulin and the rate 
of loss in the urine have been made. All our patients with nephritis 
were on a diet containing only 30-35 Gm. of protein per day. 


7. Linder, G. C.; Lundsgaard, C.; Van Slyke, D. D., and Stillman, E. G.: 
Changes in the Volume of Plasma in Nephritis, J. Exper. Med. 39:921 (June) 
1924, 
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19 5.1 2.6 2.0 0.3 yaa Both heart failure and marked renal 
insufficiency present; edema of extremi- 
Fourteen days later: ties and hydrothorax; average output 


4.6 2.0 ae 0.4 6.6 of protein urine was 2.7 Gm. per day 
for 15 days (Esbach method); total 
loss protein in urine in 15 days equaled 

1.: loss of protein from blood 

equaled 39 Gm.; patient received 
30 Gm. protein per day in food; eye- 
grounds showed papilledema, narrowed 
arteries, a few “hard’’ white spots in 
maculae, one small cotton wool spot, 
and a few flame shaped hemorrhages; 
necropsy revealed chronic glomerulo- 
nephritis (third stage) with moderate 
degree of arteriolarsclerosis of small 
vessels of kidney and passive congestion 
of liver 
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PLASMA PROTEINS IN CHRONIC GLOMERULONEPHRITIS 

If we now look at table 3, in which the results of our analyses of 
the serum proteins in chronic glomerulonephritis are tabulated, we see 
that here also there is a tendency to reduction in the plasma proteins, 
especially in the serum albumin content. The correlation between reduc- 
tion in plasma protein and amount of visible edema is not so good in 
these cases as in the acute and subacute cases of table 2. C 


a fall in total plasma protein to 70 per cent of the normal and a decided 


fall in serum albumin to 35 per cent of the normal, yet there was no 
visible edema at the time the blood was drawn for chemical analysis. 
The Volhard water test, however, shows that there was a decided lag 


in rate of output of water and inability to dilute to “normal” values. 
In other words, there was a tendency to edema formation which was 
only checked by a restricted water intake. Case 18 shows a normal 


1 


plasma protein content and normal serum albumin content with mild 


edema. In this case the daily output of protein in the urine is only 
1 Gm. Case 17 also shows edema formation with normal plasma protein 


concentration. The serum albumin concentration in the plasma is within 


the limits of the values obtained in normal persons. In neither of these 


cases ‘was there any symptom or sign pointing to heart failure as a 


cause of the edema. Case 14 shows a reduction in total plasma proteins 
to 80 per cent of our mean normal and a reduction in serum albumin to 
60 per cent of our mean normal with no edema present at the time the 
blood was withdrawn for analysis. In this case there was a tendency 
to edema formation which was held in check by water restriction. 
Case 15 shows low plasma protein content with marked edema which 
disappeared on fluid restriction. But the water excretion test showed 
decreased ability to excrete water and we can be sure that edema would 
have been present if the fluid intake had not been kept down to 500 ce. 
per day. Case 16 had edema on entrance but this had disappeared by 
the time the blood was first withdrawn for analysis because of fluid 
restriction. Water excretion tests showed mildly reduced rate of water 
excretion. Case 19 showed marked edema with normal plasma protein 
and normal serum albumin content. But this patient showed a markedly 
dilated heart and a large passive congested liver so that the edema might 
be considered as largely due to heart failure. On the whole the corre- 
lation between reduction in plasma protein and reduction in rate of 
water excretion under the stress of a “peak” load is better than that 
between reduction in plasma protein and visible edema. 


PLASMA PROTEIN CONCENTRATION IN CHRONIC NEPHROSIS 
The three cases of chronic nephrosis of table 4 showed a marked 
reduction in total plasma protein. This reduction was due largely to 
the reduced serum albumin content. The globulin content is nearly 














51 
18 


normal and the fibrin content somewhat elevated. All three patients 


showed edema of marked degree on entrance. In case 20 the edema was 
very slight after the patient had been two and one-half months in the 
hospital on first entrance. At times there was an output of 1,500- 


1,800 cc. of urine per day with only 700-800 cc. intake. The patient 
} 
i 


was kept in bed and put on low protein diet. Following a tonsillectomy 
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in January, 1924, the daily output of urine was less. The patient was 
allowed to go home early in February. He returned to the hospital, 
June 16, 1924, with a most extreme grade of edema. We calculated 
that his body had accumulated about 30 liters of fluid above its normal 
water content. He was again put on a restricted fluid intake (500 cc.), 
rest in bed, and a low protein (30 Gm.) diet \fter July 1, when the 


medical services were changed, he was given a diet of 200 Gm. of pro- 














ANSON BLOOD PLASM. I‘ VEPHROPATHIES 5 


tein per day, and was kept on this diet until discharge, about Sep 


tember 5. We did not control the amount of protein actuall 





no one ever saw any of his food returned and he asserted that he not 


only ate all of his food but enjoyed it. He had never been able to get 


all the meat he wanted before in his life and he was now enjoying it 
immensely. His body had probably suffered a large protein loss on the 
previous diet and was now storing it up. Diuresis set in shortly after ¢ 

n the high protein diet. This diuresis was at its maximum at a time 


when the total plasma proteins were 75 per cent of the mean normal 


value and when the serum albumin content was 40 per cent of the mean 





value as found in our normal persons. Therefore, a most marked 
diuresis is possible at a time when the proteins and especially the serum 
albumin concentration in the plasma are very low With a plasma 
protein content 75 per cent of the mean normal and the serum albumit 
content less than 50 per cent of our mean normal value this patient was 
able to put out 1,350 cc. of urine in four hours after drinking 1,500 c 
[his experiment seems to indicate that the reduction in serut mit 
and protein content in the blood plasma is only a minor factor in edema 
formation in the nephropathies. It will also be noted that the fibrin 
content is high and the albumin-globulin ratio low at a time when 
diuresis is good and when a Volhard water test shows excellent ability 


to excrete urine. 


Edema formation in this disease is only of considerable degree whet 
heart failure develops. For this reason we only investigated the pla 
protein content in cases of hyperpiesia with heart failure. Ir 


1 . > 1 . , 
cases that go on to renal insuthciency the urine shows hyposthenu 





hat the rate of water excretion is decidedly, 


the Volhard water test shows t 
reduced but the rate is sufficient for a daily output of from 2 to 3 liters 
and for this reason edema formation is rarely found when there is no 
heart failure. 

Three out of four of our cases of hyperpiesia in the heart failure 
stage showed definite reduction of the total amount of plasma protein 
A 50 per cent reduction of the serum albumin was alone responsible for 
this because the globulin was not reduced. Case 23 showed marked 
edema at the time of the withdrawal of the blood for this analysis. A 
few weeks later the edema had disappeared on fluid restriction and 
digitalis medication. Case 23 showed a great reduction in serum albumin 
with apparently no loss of protein in the urine. Qualitative tests on 
five different occasions showed no protein in the urine. The loss of 
protein in the hydrothorax and ascites might account for it if their 


serum albumin content corresponds to that found in the hydrothorax 
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in case 26. But if loss of serum albumin could be accounted for through 
loss in these fluids we should expect to find a like loss of serum globulin 
from the blood due to the same mechanism or, otherwise, we must 
assume the hydrothoracic and ascitic fluids had a high serum albumin 
content and low globulin content. We cannot settle this question without 


lobulin and albumin determinations in these fluids. Possibly the severe 


L1IOD ltl «< ( 
liver damage in this case had some relati ha veaduehon in the snioun 
ver damage 1n this case had some relation to the reduction 1n the amount 
of serum albumin in this case. Necropsy revealed a severe degree of 
[aénnec’s cirrhosis. On the other hand, one case of Laennec’s cirrhosis 


with marked edema studied by us showed normal plasma _ proteins. 


Case 24 showed marked reduction of serum albumin (50 per cent) with 
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only a trace of albumin in the urine. Here also loss of serum albumin 
in the urine does not account for the reduction in serum albumin content 
of the plasma. Cases 25 and 26 showed heavy traces of albumin in 
the urine but case 26 showed no reduction in serum albumin or, at 
the most, a very mild one, and case 24+ showed no more reduction than 
the cases in which there was no protein or very little protein loss in the 
urine. It may be of significance that three cases showing marked reduc- 
tion in serum albumin content of the plasma all had severe liver damage 
whereas the case showing little or no reduction in serum albumin in the 


plasma only showed a moderate passive congestion of the liver. 
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COMMENT 

When we come to examine the protein content of the blood plasma in 
acute and chronic glomerulonephritis we find that the total content is 
definitely reduced in 70 per cent of our nineteen cases and that this 
reduction is largely due to the diminution in serum albumin. In this our 
figures agree well with those of Epstein,® with those of Rowe,? with 
those of Limbeck and Pick,’® and with the results of Linder, Lundsgaard 
and Van Slyke.’ 

Kahn’s '! investigation revealed much smaller reductions and they 
were of less frequent occurrence. The globulin content is only occa 
sionally slightly reduced. It is occasionally increased, though in general 
it is within the normal range. The fibrin content of the plasma is on the 
whole slightly elevated. 

The first question that arises is as to the mechanism of the loss 
Linder, Lundsgaard and Van Slyke * have shown that the total quantity 
of plasma is not increased in glomerulonephritis unless there is a severe 
secondary anemia of long standing. Only case 13 of our series had an 
anemia of such a degree as would cause an appreciable increase in total 
plasma volume. But the degree of reduction in albumin is greater than 
any known increase in total plasma with the severest secondary anemia. 
Moreover, if hydremic plethora were a factor in reducing the percentage 
content of plasma proteins there would be an equal reduction in the 
content of albumin and globulin. But the serum albumin is reduced to 
45 per cent of the mean normal whereas the globulin is increased to 
135 per cent of its mean normal value even in our case 13, in which 
there is some probability of a 20-30 per cent increase in total blood 
plasma. In other words, neither the degree of reduction of serum 
albumin nor the fact that the serum albumin is reduced and the globulin 
is increased can be explained by hydremic plethora. ‘There is a slight 
increase in total plasma during diuresis as Linder, Lundsgaard and 
Van Slyke * have shown and as we ourselves have frequently obsérved 
but this is of a different order of magnitude from the degree of reduc- 
tion in serum albumin and need not be considered in a discussion as to 
the cause of reduction in serum albumin in the blood plasma in nephritis. 

All our patients with nephritis showing definite reduction in the 


total protein content of the plasma had severe albuminuria and the next 


8. Epstein: Contribution to the Study of the Chemistry of Blood Serum, 
J. Exper. Med. 16:719, 1912. 

9. Rowe: Refractometric Studies of Serum Proteins in Nephritis, Arch. Int 
Med. 19:354 (March) 1917. 

10. Limbeck and Pick: Ueber die Quantitativen Verhaeltnisse der Eiweiss 
kérper in Kranken, Prag. med. Wchnschr. 18:133, 1893 

11. Kahn: Protein and Lipin Content of Serum in Nephritides, Arch. Int 
Med. 25:112 (Jan.) 1920. 
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thought that arises 1s as to the relation of loss of protein in the urine 
to loss of protein from the plasma. Epstein’? has maintained that 
the reduction in plasma proteins is due to their loss in the urine. Our 
observations in case 19 seems to substantiate Epstein’s contention. This 
patient had twelve determinations of the total protein in his urine for 
twelve days by the Esbach method. His average loss of protein in the 
urine per day was 2.7 Gm. ‘The total loss of protein in the urine during 
fifteen days was therefore 41 Gm. The first determination of plasma 
protein content was made four days after entrance to the hospital, at 
which time the total plasma protein was 7.7 Gm. per hundred cubic 
centimeters. Fifteen days later it was 6.6 Gm. per hundred cubic centi 
meters. The patient’s weight according to the actuarial tables of 1912 
was 60 kg. There were 3,000,000 erythrocytes per cubic millimeter 
of blood. Linder, Lundsgaard and Van Slyke * have shown that the 
plasma content in patients with ‘nephropathies and an erythrocyte count 
around 3,000,000 is approximately 6 per cent. Therefore, our patient 
had 3,500 cc. of blood plasma. As the protein content of each 100 cc. 
of plasma was reduced 1.1 Gm. the total protein loss from the plasma 
was 39Gm. This loss of 39 Gm. of protein from the plasma corresponds 





well with the 41 Gm. of protein lost in the urine. Although we are 
ready to believe that the greater part of the loss in protein from the } 
plasma is due to the albuminuria, nevertheless, we are unwilling to 


believe that no other factors are playing a part in the changes in protein i 
content of the plasma. Not infrequently there is an increase in globulin 3 
at the same time that there is a marked decrease in serum albumin. ; 
Moreover, Linder, Lundsgaard and Van Slyke ** have had one case in j 
which there was an average daily loss of protein in the urine of 6 Gm. bh 
over a period of four months with hardly any change in the albumin and 

' 


globulin content of the plasma. It is necessary that some one should 
carefully determine the albumin and globulin losses in the urine over 
many days in conjunction with a determination of the plasma proteins 
in order to settle the question quantitatively as to the relation of loss of 
protein in the urine to loss of protein from the plasma. 

Epstein '* has contended that a low protein content of the plasma in 
nephritis was the cause of edema and that by feeding a high protein diet 
the protein content of the plasma would increase and the edema be 
caused to disappear. Our observations show that as a rule low protein 
content is associated with edema, and that as the protein content 
increases as a rule diuresis sets in and the edema decreases. On the 
other hand, our figures do not show that the edema is dependent to 


12. Epstein, A. A.: Concerning the Causation of Edema in Chronic Paren- 
chymatous Nephritis, Am. J. M. Sc. 154:638 (Nov.) 1917; Further Observations 
on the Nature and Treatment of Chronic Nephrosis, ibid. 168:167 (Feb.) 1922. 

13. Linder, Lundsgaard and Van Slyke (reference 2, case 8). 
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any great extent on the low protein content, for cases 4+, 11, 14, 15 and 
16 all showed reduced total protein with marked reduction of the serum 
albumin content of the plasma at a time when diuresis had set in and 
edema had disappeared. Moreover, cases 10, 17 and 18 are exampies ot 


nephritis with edema and normal plasma protein content and normal 


serum albumin contents and no signs suggestive of heart failure. Now 
is possible to have a tendency to edema and yet no edema formation 
because of water restriction. For example, case 11 showed no edema at 


a time when the plasma proteins were reduced to 70 per cent of the 
mean normal and the serum albumin reduced to 40 per cent of the mean 
normal. But in this case there was a water restriction to 600 ce. of 
per day. The Volhard water test done on this 


showed that tl 


] + 


ere was a marked lag in excretion of a peak load, yet 


there was no visible edema and a definite diuresis under these conditions 


Patient 11 with no visible edema and good diuresis on an intake ot 
600 cc. of tiuid had less serum albumin and only slightly more total 
protein in the plasma than patient 2 in whom a most extreme grade of 


edema was always present even on an intake of less than 500 ce. of 
fluid per day. Much more work is necessary to clear up the relation of 
plasma protein content to formation of edema and rate of water excre- 
tion. Certainly quantitative determinations of the total amount of pro- 
tein in the plasma and of the serum albumin content show that reduction 
in amount is not necessary for edema formation and that good 
diuresis is possible with marked reduction. (ur observations do not 
show a completely normal output of water under a Volhard test when the 
plasma proteins, especially the serum albumin content, are low. But 


~ 5 
| 


some of the values obtained were nearly normal, 1. e., 80-85 per cent 


of the peak load output of normals. \We are therefore inclined to 
believe that though the plasma protein reduction tends to slow up water 
output somewhat, vet it is really only a minor factor in edema formation. 

All three of our cases of chronic nephrosis showed a marked reduc- 
tion in total protein of the plasma. The reduction in the serum albumin 
was most marked, the serum globulin being slightly reduced in a few 
instances but also increased slightly in three examinations. The fibrin 
was definitely increased in the plasma of two of these cases, these being 
the cases that showed slightly increased globulin so that part of the 
globulin increase was due to increased fibrin. All three cases of chronic 
nephrosis showed anasarca and ascites and one can find a good correla- 
tion between edema and low plasma protein in chronic nephrosis. On 
the other hand, correlation does not mean a cause and effect relationship 
between two variables. If we take case 20 for an example, we find the 
patient entering the hospital with most extreme edema—70 pounds 
(31.8 Kg.) of water—and showing total plasma proteins 70 per cent 


of the mean normal and serum albumin 40 per cent of the normal mean. 
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On entrance the daily output of urine was between 200 and 300 ce. 
About three weeks after entrance diuresis started and continually 
increased in amount until only five weeks after entrance there was a 
daily output of 2,000-3,000 cc. of urine on an intake of only 800 ce. of 
fluid. During this period of diuresis the total proteins of the plasma 
were low, 60-75 per cent of the normal mean and the serum albumin 
was from 45-50 per cent of the mean normal. There can therefore be 
marked diuresis and disappearance of edema with markedly reduced 
serum albumin and total protein content of the plasma. The Volhard 
water test always showed some lag in the excretion of water in these 
cases when the serum albumin and total protein in the plasma were 
low but, August 4, when proteins were very low, the patient put out 
1,300 cc. of urine in four hours after drinking 1,500 cc. This is close 
to the normal output. At this period the patient was putting out daily 
about 800 cc. more urine than the fluid intake. From this experiment 
we concluded that the patient could not take care of a peak load of 
water in a quite normal manner but could have a diuresis of 1,500- 
2,000 cc. of urine on an 800 ce. intake. We conclude nothing as to 
the role of the plasma proteins excepting that their role is a very minor 
one in diuresis and in the handling of a peak load of water. 

Patient 20 received 200 Gm. of protein per day in his diet after 





July 1. There was no check made of the food returned but he stated that 
he ate every bit and we are inclined to believe that he did eat this large 
amount of protein every day. On this diet the total protein content of 


the plasma seems not to have increased, rather to have decreased slightly. 


The globulins seem to have decreased very much on this diet, whereas f 
the serum albumin increased from a value about 40 per cent of the mean t 
normal to a value about 55 per cent of the mean normal in two months. 
This isolated experiment proves only that a case of nephrosis may show ) 


no increase in total protein content of the plasma on a high protein 
diet over many weeks. 

The fibrin content of the plasma is high during edema but it is also 
high after diuresis has started and there is no evidence in our figures 
that it has a causal relation to the edema formation. Case 21, indeed, 
showed edema and normal fibrin. There is no evidence in our figures 
for Rusznyak’s '* contention that increased fibrin content is a prominent 
factor in the causation of edema in nephritis for some cases with edema 
had normal fibrin content in the plasma and some cases in which edema 
was disappearing or had disappeared showed increased fibrin content. 

Linder, Lundsgaard and Van Slyke * have shown that in nephro- 
sclerosis, the disease that we have termed hyperpiesia, there is no appar- 


14. Rusznyak, S.: Untersuchungen ueber die Entstehung des Oedems bei 
Nierenkranken, Ztschr. f. d. ges. exper. Med. 41:532, 1924. 
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ent change in the plasma protein content. One of their patients had 
edema with myocardial insufficiency and showed a slight drop in serum 
albumin content. Three of our four cases of hyperpiesia with heart 
failure showed reductions in total protein of the plasma below the lowest 


limit of normal and ‘reduction of serum albumin to about 55 per cent of 


a] 

the mean normal value. It is remarkable that in case 23 proteinuria 
was not present on any of the five occasions when qualitative tests were 
made on his urine. Evidently it is possible to have a marked reduction 
in serum albumin without loss of protein in the urine. In other words, 
metabolic and other processes may be the cause of changes in the serum 
albumin content of the plasma. The liver parenchyma was _ badly 
damaged in this case by atrophic cirrhosis and we wonder whether dis- 
turbance of liver function may not have had something to do with 
the reduction in serum albumin content of his plasma. In case 24, also, 
the loss of protein in the urine was slight and yet there was a reduction in 
the serum albumin to one-half our mean normal value. 

We began this investigation to find out what part the osmotic 
pressure of the colloids of the plasma might play in edema formation, on 
the assumption that the osmotic pressure of the colloids of the plasma 
was a simple straight line function of their concentration. Now this 
assumption is not true for not only the concentration of the various 
hydrophilic colloids determines their osmotic activity but their state of 
dispersion and hydration play an important part in this activity. More- 
over, the Donnan equilibrium between the kations and anions in the 
plasma and the ultrafiltrate outside the capillaries might be such as to 
facilitate ultrafiltration under edema conditions. Our studies would 
indicate that the osmotic pressure of the colloids of the plasma play a 
very minor role in edema formation if this osmotic pressure is a simple 
function of the concentration of these colloids. It is now necessary to 
study the osmotic pressure of the plasma directly and to correlate it 
with edema formation, diuresis and “‘peak’’ load tests for water excretion 
in various stages of edema formation and disappearance in order to 
evaluate the true significance of colloid osmotic pressure for edema 
formation and diuresis. The studies of Schade and Claussen ** and of 
Govaerts '® on osmotic pressure in nephritis throw no light on the sig- 
nificance of osmotic pressure for edema formation because they do not 
include determinations of osmotic pressure throughout the course of 
edema formation and disappearance and are not accompanied by water 
function tests. Until more systematic and better controlled investi- 


15. Schade, H., and Claussen, F.: Der Onkotische Druck des Blutplasmas und 
die Entstehung der renal bedingten Oedeme, Ztschr. f. klin. Med. 100:363, 1924. 
16. Govaerts, P.: Etude clinique de le Pression osmotique des Proteins 


du serum dans la Pathogenie des oedemes, Compt. rend. Soc. de biol. 91:116 


(June 20) 1924. 
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vations are made the problem of colloid osmotic pressure in its relation 


to edema formation cannot be considered solved. 


SUM MARY 
1. In glomerulonephritis there is a tendency toé a reduction in the 
total protein content of the plasma. 
2. This reduction is due largely to decrease in serum albumin con- 
tent. Serum globulin content may rise slightly at the same time that 
serum albumin falls 


3. The reduction in protein content of the plasma is usually corre- 


lated with marked loss of protein in the urine, and is probably largely 
due to loss in the urine. In one case of chronic glomerulonephritis the 


total protein lost from the urine in fifteen days was nearly equal to the 


( 


total protein found in the urine during the same fifteen days. At the 
same time one case of hyperpiesia with heart failure showed a reduction 
of protein in the plasma with apparently no protein or very little lost 
in the urine Therefore metabolic processes are to be considered as 
possible sources of loss of plasma protein. 

+. High protein (200 Gm. per day) feeding may not cause the pro 
tein content in the blood to rise more than very slowly. 

5. Although reduction in protein content, especially in serum 
albumin content of the plasma, is frequently associated with marked 
edema, and although marked edema is frequently associated with low 
protein content of the plasma yet low protein content is not in any 
sense a prominent factor in producing the edema, for cases of nephritis 
may develop edema before the protein content of the plasma has fallen 
below the normal range, and with reduced total and markedly reduced 
serum albumin content of the plasma abundant diuresis may be going on. 

6. In order to evaluate the significance of the osmotic pressure of 
the colloids for edema formation in nephritis it will be necessary to 
study the relation of this pressure measured directly during the course of 
edema formation and disappearance and under experimental control. 
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In a previous article ' a method was described whereby the adsorp 
tion of rose bengal B (tetrachlortetraiodofluorescein ) on proteins could 
easily be determined in a quantitative way. This dve stuff attains its 
maximum rose color at py 4.8 or above, but it behaves as an indicator 
dye and is decolorized on adding acid; dilute aqueous solutions are 
practically colorless below py 2.2. Ii proteins are present the dye will 
combine with them in the form of its colored salt, and on bringing the 
widity of the solution to py 2.2, that portion of the dye in combination 
with the proteins retains its color, while the free dye is decolorized. The 
color that remains on acidifying the solution therefore represents the 
adsorbed dye and it may be easily estimated by colorimetric comparison 
with a standard solution of rose bengal of known strength. 

It has been shown that this is a colloidal reaction that in body fluids 
is primarily a function of the proteins, and that each protein possesses 

characteristic degree of binding power. As a qualitative test it is 
extremely sensitive; albumin may be detected in dilutions of 1 to 4 mil- 
lions, which is from 100 to 200 times the delicacy of the biuret or 
ninhydrin protein reaction. 

What is the nature of the combination between protein and dye? 
It follows the laws of adsorption, which is one of the functions of the 
colloidal protein particles ; the quantity of dye absorbed is in part depen- 
dent on the amount of surface that the protein molecules present to the 
liquid in which they are suspended. The fundamental forces that govern 
the taking up of other substances on the surfaces of the colloidal 
micellae are still a subject of controversy. Reference may be made to 


* Studies 


reviews of the subject by Matthews,’ Freundlich * or Bayliss. 


* From the department of pharmacology, McGill University, and the medical 
clinic, Royal Victoria Hospital. 

1. Rosenthal, S. M.: Studies upon the Combining Power of Proteins with 
Rose Bengal, J. Pharm. & Exper. Therap., to be published. 

2. Matthews, A. P.: Physiol. Rev. 1, 1921. 

3. Freundlich, H.: Kapillarchemie, Leipzig, 1923. 

4. Bayliss, W.: Principles of General Physiology, London, Longmans, 
Green & Co. 
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we have carried out indicate that the union of the dye and protein is not 
the result of a simple chemical reaction but that physical forces also 
are involved. 

Che adsorption of rose bengal can be used as a method of study 
especially suited for proteins in dilute solution. In view of the increas 


ing clinical importance of quantitative studies on the spinal fluid, it was 


seen fit to adapt 


pt this principle for such a purpose, especially since the 


information obtained from it is of a somewhat different nature from 
: ' : 


that yielded by other methods of examination now employed; and also 


because the simplicity of the procedure lends itself well to clinical use. 


METHOD 

We have shown that factors of error can be reduced to a negligible 
quantity by employing protein dilutions greater than 0.1 per cent. The 
normal protein content of the spinal fluid is only 0.025 per cent and in 
disease it rarely increases beyond 1 per cent. In the technic employed 
D5 


the lowest dilution of cerebrospinal fluid is 1:25, which in terms of pro- 


tein content gives a dilution of 1: 100,000 (0.001 per cent) in normal 


Huids. The following technic has been adopted: 1 cc. of spinal fluid 
is diluted to 25 ec. with distilled water. This is placed in four test 


tubes as follows: 


Tube Pube Tube Tube 4 
Quantity of 1:25 cerebrospinal f! 1 10 ex 5 ec 2.5 ce 1 ee. 
Wate ( ce 7.5 CC e 


To each tube 1 ce. of 0.02 per cent rose bengal in aqueous solution 
should be added, and mixed by inverting the test tubes. To each tube 
1 cc. of tenth normal hydrochloric acid is now added and the solutions 
again mixed. Comparison of the color which remains should be made 
in a colorimeter with a standard prepared by adding 1 ce. of 0.002 per 
cent rose bengal to 11 cc. of water. 

The py of the acidified solutions will be 2.01 to 2.2, at which acidity 
all of the free rose bengal will be decolorized, so that the color of the 
solution represents the bound dye. If a colorimeter is not available, a 
series of standards may be prepared as follows: 10 cc. of 0.02 per cent 
rose bengal is added to 110 cc. of water into which 1 drop of 10 per 
cent sodium hydroxide has been placed. 1, 2, 3, 4, 5, 6, 7, 8, 9 and 
10 cc. of this solution are placed in ten test tubes to which are added 
9,8, 7, 6, 5, 4, 3, 2, 1 and O cc. of faintly alkalized water. They should 
be tightly corked and preferably sealed with paraffin. Their color will 
be retained for several months if kept in the dark, but they will rapidly 


lose color if exposed to the sunlight. These tubes represent from 10 to 
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Rose bengal test on spinal fluid in untreated neurosyphilis and in normal cases 
» 


(dotted lines) ; P, 
lines represent cases of cerebrospinal syphilis; the percentage of color indicates 


general paralysis; T, tabes; the remaining curves with heavy 


that color which remains on acidifying the solutions of spinal fluid and dye, and 
represents the dye bound to proteins. 
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100 per cent standards; satisfactory comparisons can be made with 
them by holding the tubes directly against a sheet of white paper or other 
white background. 

(ther tests that are chietly dependent on the protein content of the 


spinal fluid were simultaneously employed to see what relation the rose 


bengal reaction bore to them. he colloidal gold test was carried out 
according to the original technic of Lange. The gum mastic test was 
used after the modification of Cutting. Refractometric indexes were 


determined with an Abbe refractometer fitted with heatable prisms; 
readings were made at a constant temperature of 25 C. Total proteins 
were estimated by a micro-Esbach method suggested by Levinson; ® 
while this method is not highly accurate it was found sufficiently exact 
for comparative purposes, as shown by the fact that normal values agreed 
with those obtained by other methods,’ and by the fact that duplicate 


readings made on the same specimen checked quite closely. 


RESULTS 
rests were performed on thirty-three normal spinal fluids; fourteen 
these were obtained from comparatively normal persons selected as 

mtrols. Results are shown in the accompanying chart (dotted lines). 
lhe curves fell within a range of variation closely analogous to the 
variation observed in the normal protein content. The amount of rose 
bengal bound by 1:25 dilution of spinal fluid averaged 31.6 per cent, 
by 1:50 dilution, 16 per cent, by 1: 100 dilution 8.7 per cent, and by 
1: 250 dilutions 4+.4 per cent. The values for the 250 dilution are only 
approximate as the color was too weak for colorimetric determinations of 
iny accuracy. Estimations of weak color can more easily be made by 
direct comparison with the standard tubes described above. 

Potal proteins as determined by the micro-Esbach method varied 
normally from 0.02 to 0.035 per cent. The normal refractometric index 
at 25 C. varied from 1.3343 to 1.3345. 

Veurosyphilis —Twenty-four cases of untreated neurosyphilis were 
studied. While it is unwise to generalize from so small a group we 
wish to point out that abnormal findings were obtained in all cases; 
four of five cases of general paralysis gave readings higher than those 
obtained in tabes and cerebrospinal syphilis (with the exception of 
case S-1). Tabes and cerebrospinal syphilis showed no distinguishing 
differences in their rose bengal reaction. Case S-1 has not been followed 


5. Cutting, J.: Mastic Test, J. A. M. A. 68:1810 (June 16) 1917. 

6. Levinson, A.: The Cerebrospinal Fluid, St. Louis, C. V. Mosby Company, 
1919, 

7. Denis, W., and Ayer, J. B.: Method for Quantitative Determination of 
Protein in Cerebrospinal Fluid, Arch. Int. Med. 36:436 (Oct.) 1920. Ayer, J. B., 
and Foster, H. E.: Quantitative Estimation of Total Protein in Spinal Fluid, 
J. A. M. A. 77:365 (July 30) 1921. 
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sufficiently long to exclude early general paralysis. Results in neuro- 
syphilis are recorded in table 1 and in the accompanying chart 
Meningitis —Spinal fluids from four patients with tuberculous 
meningitis were examined. One of them (M-1) was very severe. The 
rose bengal test gave values at the upper border or higher than those 


obtained in general paralysis. 











ABLE 1.—Comparative Results with Various Tests on the Spinal Fluid in 
ntreated Neurosyphilis and in Miscella is Diseases of 
he Nervous Systen 
Total Rose | gal R ct 
Pre Colloidal Gold etric 
Case Diagnosis Cells Pandy tein 1 > 121K or Mastic | 
P-1 General paralysis 3) 64 48 6 1 G 016141+1+1+1000 
P-2. General paralysis 18 ++ 2 62 | 1] 17 G 03 44 43 2100 
P-3 Taboparesis 7 $] ) > M § 55 4 2 1000 
P4 General paralysis 14 a) $4 17 M 55 5 5 5310 1.3350 
P-5 General paralysis 24 : ) f 7 #G 5 5 4 321 1. 334¢ 
T-1 ‘Tabes 44 0.075 31 $4 7 21 
T-2 Tabes iy is} 33 6 
T-3 Tabes 3 115 0.11 40) 6 ) ] = 
T-4 Tabes.. 18 t 0.075 44 t 8 s M 5555421000 1.3344 
T-5 Tabes 15 Trace 0.05 43 30 l ] 
4 Tabes with optie at- 
rophy HENS J 61 } 40 0 
T-7 Tabes 82 0.04 38 s 15 s 
S-1 C-S syphilis 30 ++ 0.23 65 53 18 3 G 0123 1 
} S-2 C-S syphilis. 18 47 oe 4 11 M 4554310000 
\fter treatn 4 0 0.4 44 > 7 8 
S-3 C-S 14 0.11 () $1 28 1 G 1.3347 
S424. 6.8 129 1 4 0.15 $7 1) S 12 M l 46 
S-5 C-S syphilis 7 ‘Trace 0.08 47 39 24 l M 1.3347 
S-6 C-S syphilis 0 . 0.1 42 ) $ 1] G 
S-7 C-S syphilis 0 0.04 12 31 1 ) 
S-8 C-S syphilis (treated 0.023 ) ] $5 
S-9 O-S syphilis 0.04 i] 26 14 7 G 0123321000 1.3345 
t $-10 C-S syphilis 12 41 2% 12 6 
| 8-11 C-S syphilis . 12 0 . 14 23 , 7 ; 1.3345 
8-12 C-S syphilis ; 18 ‘ 38 26 15 10 : 
F S-13 C-S syphilis ; 14 0 0.02 7 22 12 6 M 555° 421000 1.3345 
After treatment 9 v0 0.02 39 16 ) 5 M 55321000000 
; G 1232100000 if} 
M-1 Brain tumor.. { 0 0.035 48 34 19 ) M 4421100000 1.3345 
M-2 Brain tumor 8 0 , 10 23 15 10 : 
M-3 Brain tumor 3 ( 0.2 38 21 11 5 1.3343 
M-4 Cerebral hemorrhage 12 Trace 44 36 0 9 l 17 
M-5 Cerebral hemorrhage 18 : 0.032 40 3 17 7 
M4 Xanthrochromia 
hemorrhage.. 6 44 4() 22 M -22°2210000 1.33 
M-7 Encephalitis..... 9 4 {2 3 18 10 
M-8 VI nerve paralysis.. 4 0 ue 39 7 15 5 
M-9 Multiple neuritis. $ 0 43 34 22 11 ; cedigalls 
M-10 Disseminated sclerosis 16 0.04 38 23 11 5 M 5572100000 1.3345 
M-il Disseminated sclerosis 3 0 : 31 16 } 5 M 210000000 1.3345 
M-12 Hydrocephalus... ; 2 0 0.02 20 9 $ M 3321100000 1.3341 
Normals 0-4 0 0.20 4 12 8 { M 0000000000 1.3343 
0.35 40) 20 1] 5.5 M 4321100000 1.3345 


* M indicates mastie and G colloidal gold reaction. 


Two cases of pyogenic meningitis with only moderately pronounced 
changes in the spinal fluid gave higher readings than any obtained in 
neurosyphilis. Because of the great increase in protein content in pyo- 
genic meningitis, it is believed that the highest values will be observed 
in this condition. 
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Miscellaneous Organic Nervous Diseases——Three cases of brain 
tumor are of interest because abnormal curves were obtained in the 
presence of normal cell counts and protein concentrations. A case of 
infantile hydrocephalus presented the only example of findings definitely 
below normal; here the chloride and sugar content and the refracto- 
metric index of the spinal fluid also were below normal but the total 
proteins and gum mastic test were within normal limits. A case of 
multiple neuritis gave an elevated rose bengal curve while other obser- 
vations were normal; frequent changes in the spinal fluid have previ- 
ously been observed to occur in this condition. Three cases of cerebral 
hemorrhage (without bloody fluid) gave distinctly elevated curves. The 
presence of blood in the spinal fluid renders the rose bengal test valueless 


because of the high protein content of the plasma that is introduced. 


TaBLeE 2.—Results with the Rose Bengal Test in Tuberculous and Pyogent 


VWeningitis 





Rose Bengal 

Total - - “~ ~ 

Case Diagnosis Cells Pandy Protein 1:25 1:50 1:100 =1:250 
M-1 Epidemie n () 75 71 5D 46 
l'reat 08 ) 16 28 1] 
M Pr Imoceoc tis 6 s 51 6 
M ‘Tuberculous s Oso 66 62 10) 
M Tuberculous s 21) 0.10 6? 13 27 
M fubereulous meni s ] 0.19 62 0 47 ] 
1 week later... 370 0.12 55 13 40) 25 
M fubereulous mer is 164 0.05 60 50 36; 1] 

I obta 1 postmorte 


COMPARISON OF THE ROSE BENGAL REACTION WITH OTHER TESTS 

Since the binding of rose bengal is primarily a function of the pro- 
teins, we were especially interested in the protein content of the spinal 
fluid. The normal protein is chiefly globulin but pathologic increases 
have been shown by Mestrezat* and Kafka’ to be due mainly to 
albumin. Because albumin binds rose bengal more strongly than globulin 
it was anticipated that increases in combining power would often be out 
of proportion to increases in protein content and this was in general 
found to hold true. The possibility must also be borne in mind that 
proteins that are put forth as a result of disease differ from normal in 
their combining power. When the total proteins were elevated an abnor- 
mal curve with rose bengal was always obtained, while, on the other 
hand, six of the forty-three pathologic fluids showed abnormal dye 
curves with normal protein content. 

The cell count was elevated in forty-one of the forty-three cases but 
no quantitative relation existed between the number of cells and the 


results with other tests. 


8. Mestrezat, W., quoted by Levinson (footnote 6). 
9. Kafka: Miinchen. med. Wehnschr. 62:105, 1915. 
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The colloidal gold reaction is a function of the proteins but its 
mechanism is not well understood. It is not given by normal spinal 
fluid and Weston '® isolated a globulin from pathologic fluids to which 
he attributes the discoloration of the colloidal gold. Further investi- 
gations on this problem were made by Felton,'' Cruickshank,'* Mellanby 
and .Anwyl-Davies '* and Nixon and Naito.’* Pauli '® has shown that 
the color changes are due to a change in the valence of the gold from 
trivalency to pentavalency. The colloidal gold test differs fundamentally 
from the rose bengal test in that the former is not dependent on the 
total protein concentration; some proteins exert a buffer action on the 
gold sol while others discolor it and therefore maximum discoloration 
may occur only in high dilutions (syphilitic and meningitic curves). 
Hence, its chief value lies in differential diagnosis rather than as a 
quantitative method of analysis. 

The gum mastic reaction appears to bear a more definite relation to 
protein content (review of literature in Cockrill'®) although here, too, 
certain constituents of the spinal fluid may exert an action antagonistic to 
precipitation of the mastic. Keidel and Moore '* and Wassermann ** 
have shown that the “syphilic zone’ reaction is uncommon. _ Inter- 
mediate reactions (mastic 3 curves) were so frequent in normal per- 
sons as to render only the “paretic’’ mastic curve of reliance. In their 
hands the mastic test is somewhat more sensitive than the colloidal gold 
reaction. We have also found the mastic test very sensitive although 
its value in this respect is to some extent decreased by the wide variations 
that occur in normal fluids. In the present small group of cases studied, 
the rose bengal was superior to the gum mastic reaction as regards 
differential diagnostic value in general paralysis. In comparing these 
methods the statistics of Thompson '® and Wassermann'* on large 
groups of cases must be borne in mind. According to the latter 
observer, paretic curves occurred with a colloidal gold test in &6 per 
cent of general paralysis, 58 per cent of tabes and in 34 per cent of 

10. Weston, P. G.: Am. J. Insan. 74:431 (Jan.) 1918 

11. Felton, L. D.: New York M. J. 105:1170, 1917. 

12. Cruickshank, J.: Brit. J. Exper. Path. 1:71 (April) 1920. 

13. Mellanby, J., and Anwyl-Davies: Brit. J. Exper. Path. 4:132, 1924 

14. Nixon, C. E., and Naito, K.: Studies of Spinal Fluid and Blood of 
Syphilitic and Normal Persons with Special Reference to Immunity Reactions 
and Colloidal Gold Test on Original and Unfiltered Fluids and Serums, Arch. 
Int. Med. 30:198 (Aug.) 1922. 

15. Pauli, W.: Kolloid-Ztschr. 28:49, 1921. 

16. Cockrill, J. R.: Arch. Neurol. & Psychiat. 14:455 (Oct.) 1925. 

17. Keidel, A., and Moore, J. E.: Arch. Neurol. & Psychiat. 6:163 (Aug.) 
1921. 

18. Wassermann, H.: Comparative Results of Colloidal Gold and Colloidal 
Mastic Tests, Arch. Int. Med. 32:401 (March) 1924. 

19. Thompson, L. J.: Arch. Neurol. & Psychiat. 5:131 (Feb.) 1921. 
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cerebrospinal syphilis; with the mastic reaction the percentages were 
91, 70 and 58, respectively. 

Refractometric Index.—TVhis has been recently employed as a clinical 
test on the spinal fluid by Molnar °° and by Levinson and Serby.” 
Increase in the refractometric index is due mainly to augmentation ‘of 
protein concentration. Levinson and Serby have shown that change 
occurs only when marked increases in protein content are present. Our 
observations are in accord with his and we do not feel that this method 


offers much promise as a diagnostic procedure 


COMMENT 

With the multiplicity of tests now at hand for examination of the 
cerebrospinal fluid, one is hesitant to advocate a new procedure. How 
ever, as compared with other colloidal tests the rose bengal reaction 
promises to yield results of greater value than total protein determina 
tions and to give quantitative results that are not brought out by the 
colloidal gold or mastic tests. Its place in the differential diagnosis of 
neurologic disorders remains to be established. From a technical point 
of view it is quite easy to carry out and results can be read at once, 


as the adsorption equilibrium of the reaction seems to be established 


immediately. 

It is seen in the accompanying chart that the dilution values present 
some differences, as all the curves are not parallel. This is probably 
due to variations in the nature of the protein adsorbents. However, 
the 1:50 dilution reflects fairly well the height of the curve, and a 
rapid technic for bedside or routine use can be carried out on this dilu- 
tion as follows: Into a flask marked to contain 58 cc., 1 ce. of 
spinal fluid is placed and made up to the mark with water. Rose 
bengal, 1 cc. of 0.1 per cent solution, should be added and mixed, then 
| ce. of 0.5 normal hydrochloric acid added. The solution is mixed by 
inverting the flask and some of the fluid poured into a test tube for 
comparison with the standard tubes described above. 

Is it not possible that an increase in combining power represents one 
of the mechanisms on the part of nature to combat disease? This is 
suggested by the frequency with which an increase in adsorptive power 
occurred without a detectable increase in protein content, and by the fact 
that albumin, which has a high combining power, is always an impor- 
tant constituent of inflammatory exudates, even though the specific anti- 
bodies are associated mainly with globulins. Practically nothing is 
known of the surface phenomena that take place at the interfaces of the 


20. Molnar, A. L.: Klin. Wehnschr. 2:790 (April 23) 1923. 
21. Levinson, A., and Serby, A. M.: Refractometric and Viscosimetric Indexes 
of Cerebrospinal Fluid, Arch. Int. Med. 37:144 (Jan.) 1926. 
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SUMMARY 


heen applied as a quantitative test on the spinal fluid. 
the proteins present in the fluid. 

gitis. Twenty-four cases of untreated neurosyphilis 
higher than those in tabes and cerebrospinal syphilis. 
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could be demonstrated. 














ACKMAN—PROTEINS AND ROSE 


colloidal (protein) micellae in the body fluids, and studies of colloidal 
behavior, especially of a quantitative nature, offers a wide scope of 


investigation as applied to body proteins in health and disease 


\ colloidal reaction dependent on the adsorption of rose bengal has 
The quantity of 
dye adsorbed is a function of both the concentration and the nature of 

The highest results were obtained in pyogenic and tuberculous menin 


values, and the results in general paralysis showed a tendency to be 


Seven of the forty-three pathologic fluids showed increased com- 


ining power for rose bengal, although no increase in the total 








PERISTALSIS IN A LOOP OF SMALL INTESTINE 


\ DIRECT STUDY * 


LAURENCE E. HINES, M.D 


AND 
H. C. A. MEAD, M.D. 
CHICAGO 


knowledge of the movements of the small intestine has been obtained 
by various methods. The chief methods of study have been roentgeno- 
grams or fluoroscopy following an opaque meal; direct observation, 
after opening the abdomen of an animal submerged in a bath of physio- 


} 


gic sodium chloride solution at body temperature; observation of the 
changes in pressure produced in a thin walled rubber balloon inserted 
in the lumen of the intestine, and direct observation of excised intestine, 
kept alive in an oxygenated saline bath at body temperature. 

This study is the direct observation of peristaltic movements in a 
loop of small intestine which was always present in an unusual congenital 
umbilical hernia of an old negro. The first observation at once impressed 
us that the case offered an unusual opportunity because the movements 
were so plainly seen. 

Che hernia was in the midline of the abdomen immediately above and 
continuous with the umbilicus. It contained intestine at all times and 
usually protruded about 4 cm. anterior to the skin level, although when 
the patient was on his back, the protrusion was less than when he was 
on his side or standing. The hernia was kidney shaped and measured 
9 em. across and 5 cm. up and down. ‘The entrance to the hernial sac 
was an oval defect in the abdominal wall about 3 cm. in diameter. When 


e contents were reduced into the 


pressure was applied to the hernia, tl 
peritoneal cavity but the sac always filled quickly and assumed. the 
original contour when pressure was released. The outer covering of 
the hernia was very thin skin and it was possible to grasp the intestinal 
loop between the fingers. When it was grasped in this way, firm pinch- 
ing did not cause pain. The types of movement that were observed 
were: a sloW, almost imperceptible change in contour of the hernia; 
spasmodic or tonic contractions of the loop, and very rapid peristaltic 
waves, which usually extended along the long axis of the loop. - 

Direct observation of the slow movement was difficult and no infor- 
mation of any value was obtained. 


* From the departments of Internal Medicine and Physiology of the North- 


western University Medical School. 
* Aided by a grant from the Fenger Memorial Fund. 
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The spasmodic contractions occurred twice when the patient had a 
diarrhea and once when hunger was marked. They were associated 
with severe, cramp-like pain in the hernia. 

The rapid peristaltic waves were energetic, rolling movements that 
traveled about 3 cm. per second, measured roughly by drawing vertical 


lines on the skin, 1 cm. apart. The waves varied from tiny, narrow 
streaks along the side or on the top to bread, deep ones which seemed 
to involve the entire free surface of the intestine. “~The waves usually 


started on the right side and extended along the long axis, either to 
traverse the field of observation or end in it. Frequently broad waves 
became narrower as they progressed and often terminated in a point 
Waves of reverse peristalsis were frequently observed, especially dur 
ing periods of active intestinal movement. They occasionally started 
distal to the loop of intestine and were observed first in the left side, 
but more frequently they started at the point and time of termination 
of a forward wave and passed back over the same course. Other 
observers have confirmed our observations of reverse peristalsis in this 
case, 

Fluoroscopic observations with the aid of a barium meal were readily 
made because the intestinal loop was superficial and isolated. In one 
instance the barium meal passed from the esophagus to the loop in 
fifteen minutes and again in eighteen minutes. Several loops of small 
intestine were filled before the barium reached the hernia. Though the 
exact location of the loop cannot be stated definitely, it seems certain 
that the hernia contained small intestine, probably a loop of distal 
jejunum or proximal ileum. The barium first entered the right side in 
tiny amounts. By periodic addition of more barium, a large bolus-like 
mass soon collected. This moved rapidly backward and forward with 
a churning motion. Small portions were pinched from the bolus and 
passed distally while additional opaque material was added from above. 
Periods of quiet alternated quite regularly with such movement. 

It seemed worth while to get detailed records of the duration and 
amplitude of periods of peristaltic activity, to show if possible their 
relation to such factors as hunger and food ingestion. Several pre- 
liminary observations and trials with recording devices led us to 
believe that mechanical methods would not record slight movements, 
especially since many of them occurred in small areas at the periphery 
of the hernia. We chose to record our observations manually on graph 
paper, in which ordinates represented twenty second intervals and 
abscissas five arbitrary degrees of the amplitude of peristaltic waves, 
expressed as one plus, two plus, ete. Preparatory to recording our 
observations, the patient was instructed to lie on the right side on a 
hard examining table with the hernia exposed before a bright light. 
The observer, with graph paper and a second watch at hand, was 
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immediately in front of the hernia. Close 
attention to the movements and timing was necessary to transfer to the 
paper dots or horizontal lines that expressed the approximate amplitude 


Two observers alternated for the 


seated at a small table 


and duration of the movements. 
The method is to be criticized because it is not a precise 


longer periods. 
and quantitative expressions 


The charts only represent graphic 


one. 
the movement in the intestinal loop. 


f the observer’s impressions of 
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moderate to marked movement in intestinal 


wit 
Fig. 1—Tonus rhythm of stomach; 

loop 

It is impossible to inter- 


Over fifty records were made by this method. 
uncontrollable factors, 


pret all the information because of the many 
ut detailed consideration of hunger is made in the accompanying table 


because of the number of times observed. As shown in the table, charts 


were made twenty-seven times when he was hungry (fasting from ten 


to thirty-six hours). In twenty-four instances, or 89 per cent, peristalsis 








HINES-MEAD—PERISTALSIS OF SMALL INTESTINE 539 


was marked or moderate while in the absence of hunger there was 
practically no movement, in eighteen of twenty-two instances (81 per 
cent ). 

He was observed four times when he had diarrhea and each time, 
as shown in the table, there was marked or moderate peristalsis 

Charts were made before and after the administration of butter 
milk, milk, water, candy, fruits, bland diets, “ruffage’” diets, sodium 
bicarbonate and epinephrine, but nothing definite was indicated 

The patient fell asleep many times while charts were being made 
and there was no resultant change in the amount of movement. 

An attempt to compare peristalsis in the intestinal loop with simul- 
taneous gastric contractions was made. An inflated intragastric balloot 
attached to a water manometer recorded gastric contractions on a slow 


drum. <A triple signal magnet, placed immediately below the stylet 
which recorded gastric motility, was used by the observer to record 


three degrees of intestinal movement.! 


Relation of Hunger and Diarrhea to Intestinal Movement 
Marked Moderate Slight o 
limes Intestinal Intestinal or Ne 
Observed Movement Mov ent Move 
Hunger periods... 7 4) 
\bsence of hunger 2? 4 I s 
Diarrhea.. 4 l ) 


Three tracings showing only tonus rhythm in the stomach were 
associated with continuous activity (moderate and marked) in the 
intestinal loop. Before the balloon was inflated with air (from 50 to 
150 cc.), slight or no movement was present. Active movement started 
immediately after the balloon was inflated. Deflation of the balloon was 
not immediately followed by cessation of movement. Two tracings 
showed active hunger contractions and these also were associated with 
marked activity in the intestinal loop. These results indicate that active 
intestinal movements are initiated by intragastric distention. They do 
not point out any relation between gastric hunger contractions and 
intestinal movement. 

NECROPSY FINDINGS 

The patient died before our observations were completed and a 
necropsy was made about forty hours after death. The abdomen was 
opened by making a curved incision about 15 cm. to the right of the 

1. After this work was completed, Dr. A. C. Ivy demonstrated that major 
movements could be recorded with a plethysmograph that he had used for cardi- 
ometry. One with a window was being made preparatory to the taking of simul- 
taneous tracings of the stornach and intestinal loop when the patient developed 
heart failure. He died before the procedure could be carried out. 
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hernia. The hernial sac was empty and the coils of intestine were free 
in the peritoneal cavity. Coils of proximal ileum were adjacent to the 


hernial opening, but there was no change of the outside of any loop 


to indicate that it had been in the hernial sac previously. The great 
omentum was rudimentary. The transverse colon lay high in the 
peritoneal cavity, several centimeters above the hernial opening. The 
gastrocolic ligament was short. The opening of the hernia was ovoid, 
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Gastric hunger contractions ; marked movement in the intestinal loop. 


Fig. 2 


the long axis extending 3.2 cm. vertically and the transverse diameter 
1.8 cm. The margins of the opening were cordlike and firm enough 
to prevent closure. Smooth peritoneum covered the margins and 
extended into the hernial sac where it became very thin. The wall of 
the sac was 0.3 cm. thick, composed only of skin and peritoneum. 
Inside, the sac was roomy, the long axis extending about 8 cm. 


transversely. 
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COM MENT 


The results obtained from this investigation seem to throw some 


light on certain phases of intestinal movement. Activity in the small 
intestine is generally considered to consist of rhythmic segmentations, 
slowly advancing peristaltic waves and peristaltic rushes. The move 
ments we have studied resemble the latter type. They varied from 


tiny rapid ripples to rolling movements propelled forward with marked 
energy and associated with rumbling of gas in the herma. They often 
ceased abruptly after a period of violent activity to rea ypear later quite 
as abruptly. The fluoroscopic findings and the anatomic relations 
revealed at the necropsy showed that our observations were made on 
movements in the small intestine. Unfortunately, the precise loop in 
the hernia is not revealed, probably because the necropsy was made 
forty hours after death. At this time, there was no loop in the hernia 
despite the constant presence of one during life. The small ovoid open 
ing of the sac, allowing the entrance of one loop only; the thin sac 
which made even slight movements easily visible and the absence of 
adhesions were factors that made a favorable subject for study 
Furthermore, the normal physiology of the part was not interfered with 
by mechanical devices in the lumen of the bowel or by previous opera- 
tive manipulations. 

In 1916, Carlson * stated that the character of intestinal movement 
in hunger was not known, but he pointed out that there is some evidence 
which indicates that active contraction of the small intestine occurs in 
hunger, viz., the observations by Busch * of active contraction of the 
small intestine during the hunger in a case of duodenal fistula; the 
occurrence of marked borborygmi during hunger periods noted first 
by Boldyreff * and later by others, and Carlson’s observations of evi- 
dences of contractions (expulsion of gas, fluid and debris) in duodenal 
fistula dogs during hunger. Recently more accurate methods for study 
ing this question have been devised by Ivy and Vloedman * and they have 
demonstrated, on man, contractions in the duodenum, synchronous with 
or immediately following gastric hunger contractions. They conclude 
that the duodenal motility is dependent on enteric reflex contractions 
within the stomach, since no related or synchronous contractions 
occurred in the duodenum of animals with Thiry’s fistula or duodeno- 

2. Carlson, A. J.: The Control of Hunger in Health and Disease, University 
of Chicago Press, 1916. 

3. Busch: Arch. f. Pathol. Anat. 14:140, 1862 
3oldyreff: Quart. J. Exper. Physiol. 10:175, 1916. 

_ Ivy, A. C., and Vloedman, D. A.: The Small Intestine in Hunger, Am. J. 
Physiol. 72:99 (March) 1925. 
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esophageal anastomoses. Our observations confirm the presence during 
hunger of active movements in the small intestine distal to the 
duodenum and show further the type of movement present. 

The vigorous character of the movements was surmised by Carlson, 
who thought he could feel them through the abdominal wall. The 
untimely death of the patient prevented us from determining the exact 
correlation of these movements with gastric hunger contractions. 

\s vigorous intestinal movements were often observed during this 
study when there was no hunger pain, this may be taken as negative 
evidence that intestinal movement plays no part in the production of 
hunger pain. Borborygmus was usually present when intestinal move- 
ments were vigorous and gas could actually be felt in the loop of 
intestine. This suggests that excessive distention of the wall of the 
intestine by collections of gas might be the stimulus of active movements, 
particularly since the waves extended not only analward, but were equally 
as vigorous in the opposite direction. 

It is a well known clinical observation that the pain in so-called colitis, 
or irritable bowel, follows food ingestion. The production of active 
intestinal movements by intragastric distention suggests an explanation 
ror this pain. Furthermore, the commonplace occurrence of defecation, 
aiter breakfast, might be explained in the same way. Such an expla- 
nation has been suggested previously in experiments by Ivy and 
McIlvaine ®° who have shown that application of various irritating sub- 
stances to the duodenum is often followed by defecation or vomiting 
or both. 

There is a rather general belief that retrograde movements occur 
normally only in the colon. Of course, it has long been known that 
reverse peristalsis may occur in the small intestine under pathologic 
conditions such as the fecal vomiting in ileus, the vomiting of enemas 
and suppositories by hysterical women, and the occasional roentgen-ray 
observation of the flow of barium enemas into the duodenum. Alvarez ‘ 
believes mild reverse peristalsis is common and explains on this basis 
many gastro-intestinal symptoms, such as vomiting, food regurgitation, 
pyrosis, nausea, and the coated tongue and foul breath associated with 
“biliousness.”” McLeod * has noted in rabbits rhythmic to-and-fro shift- 
ting of masses of food in the small intestine. Recently there have 


been reports of numerous fluoroscopic observations of duodenal reverse 


6. Ivy, A. C., and McIlvaine, G. B.: The Excitation of Gastric Secretion 
by Application of Substances to the Duodenal and Jejunal Mucosa, Am. J. Physiol. 
67:124 (Dec.) 1923. 

7. Alvarez, W. C.: The Syndrome of Mild Reverse Peristalsis, J. A. M. A. 
69:2018 (Dec. 15) 1917 

8. McLeod, J. J.: Physiology and Biochemistry in Modern Medicine, St 
Louis, 1922. 
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peristalsis. It has usually been attributed to duodenitis or ot! 


pathologic conditions, but Wheelon * observed it in sixteen patients in 
which the duodenum was free from demonstrable pathologic changes. 
It is probable that the general failure of roentgen-ray methods to 
appreciate reverse peristalsis in the small intestine is due to our inability 
to follow the opaque material after it leaves the duodenum. Our obser 
vations indicate that reverse peristalsis is normally present when move 
nents are active. 
SUMMARY 

A man with congenital umbilical hernia containing a single loop ot 
small intestine was used for the study of intestinal movements. .\ctive 
peristaltic waves were present in 89 per cent of hunger periods 
in 19 per cent of nonhunger periods. 

Reverse peristalsis was observed consistently during periods of active 
movement. It is probably normal in the small intestine. 

\ctive progressive and reverse waves were not usually associate 
with pain, but tonic spastic contractions were always accompanied by) 
violent colicky pain. The tonic contractions occurred twice during 


periods of diarrhea and once when hunger was the only complaint 


vy inflating an intragastri 


\ctive intestinal movement was initiated by 
balloon. 
Intestinal movements were apparently neither inhibited nor acceler 


ated during sleeping periods. 


9. Wheelon, Homer Symptoms Associated with Duodenal Retention and 


Reverse Motility, J. A. M. A. 86:326 (Jan. 30) 1926 





























IN THE DIAGNOSIS OF TYPHOID FEVER 


\ NEW LABORATORY METHOD * 


C. Ae MILLS; M.D 
AND 
K. V. KITZMILLER, M.D 
CINCINNATI 


In the course of our work on blood clotting, we came on a reaction 
which seems to differentiate typhoid fever from other infections. The 
reaction is given early in the disease, being therefore much more useful 
in diagnosis than is the Widal test. The difficulty of obtaining a 
positive blood culture, together with the delay in the development of a 
positive Widal reaction, gives added value to a reaction which 1s reliable 
and present throughout the active period of the disease. This reaction 
also sharply differentiates typhoid fever from another disease with which 
it is often confused, miliary tuberculosis. 

\We were engaged in measuring the antithrombic activity of the 
blood serum under a variety of conditions when we found that typhoid 
fever was differentiated from other fevers studied by us by a most 
intense antithrombin production throughout the fever period. An 
excess antithrombin production was found in cases of pulmonary tuber- 
culosis, peptic ulcer and a few other conditions, most likely accounting 
at least in part for the frequency of hemorrhage in these conditions. 
But in none of these was the production equal to that in typhoid fever. 

The method of measuring the antithrombin in the blood is as 
follows: Blood is withdrawn from an arm vein of the patient and 
quickly mixed with sufficient 50 per cent sodium citrate solution to 
give a final concentration of 0.5 per cent. This citrated blood is centri- 
fugalized, the plasma pipetted off and 1 cc. of it heated to 60 C. for ten 
minutes ina water bath. This destroys the fibrinogen and prothrombin, 
but does not affect the antithrombin. Horse plasma, or other available 
plasma obtained from blood citrated to 0.5 per cent, is now caused to 
clot by recalcification and the serum squeezed quickly from the clot 
so that it may be used within ten minutes after the clotting. (About 
0.2 cc. of 1 per cent calcium chloride solution is required to recalcify 
each cubic centimeter of citrated plasma and cause clotting.) To each 
cubic centimeter of the serum used is added 0.1 ce. of a 0.1 per cent 
emulsion of cephalin, and one minute allowed for complete activation 
of the prothrombin to thrombin by the cephalin. At the end of this 
minute the activated serum is pipetted into tubes (2 cc. to each tube) and 


* From the Laboratory for Experimental Medicine, Department of Internal 
Medicine, University of Cincinnati College of Medicine. 
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to one tube is added 1 cc. of 0.5 per cent sodium chloride solution; to 
another the 1 cc. of heated human plasma. Three or four bloods may 
be tested in one series, using the one control, when one has become 
familiar with the method. ‘Two, five, ten, twenty and thirty minutes 
after preparing the foregoing mixtures of serum and saline solution or 


heated plasma, 0.3 cc. is taken from each and added to 0.5 cc. of 


citrated horse (or other) plasma (in a water bath at 40 C.). The 
time taken by each sample to clot the horse plasma is considered to 
represent its thrombic activity. As time passes the thrombin disappears 
from the serum-saline tube at a certain rate, while its disappearance 


from the serum heated plasma tube is at about twice this rate in typhoid 
fever. Samples from the latter tube, therefore, clot citrated plasma 


more and more slowly, the thrombic activity diminishing more rapidly 





TABLE 1 ] tits } 
Tube 
( ec. citrate plasma 0.3 cc. of mixture in tube 1 y1 ites old) elots in 10 seconds 
0.5 ce. citrated plasma 0.3 ec. of mixture tube 1 ( 5 minutes old) clots ir sect 
0.5 ce. citrated plasma 0.3 ce. of xture tube 1 (10 minutes old) clots ir sec S 
0.5 ee. citrated plasma 0.3 ec. of mixture in tube 1 (20 minutes old) clots in 40 seconds 
( ec. citrated plasma ( ee. of mixture tube 1 (31 tes old) clots 65 sect S 
Similar Tests S Carrie 
0.5 ce. citrated plasma ( e 2 mil 
0.5 ec. citrated plasma O35 CF ni 
0.5 ec. citrated pla i O.3 C4 11 
0.5 ce. citrated ph a O38 CC ON 
0.5 ec. citrated plasma O.3 EF min 
Tube 
0.5 ec. citrated plasma 0.3 ec. of mixture minutes 
0.5 ee. citrated plasma 0.3 ce. of mixture ( minutes : 
0.5 ec. citrated plasma 0.3 ce. of Mixture (10 minutes I s 
0.5 ec. citrated plasma 0.3 ce. of mixture (20 minutes old) clott ’ rred it -onds 
0.5 ce. citrated plasma 0.3 ee. of mixture (30 minutes old t ; rred in 1 nas 





S 


than in the control. Blood from a normal person will give readings about 
the same as the control tube. 

Let us illustrate an actual test, with readings. Blood is obtained from 
a normal person and from a typhoid fever patient, citrated, centrifugal- 
ized, and 1 cc. of each plasma heated to 60 C. for ten minutes. While 
this is heating, 15 cc. of citrated horse plasma is clotted by the addition of 
3 cc. of 1 per cent calcium chloride solution. The serum is quickly 
squeezed from the clot in the hand, and to 6 cc. of this serum is added 
0.6 ce. of 0.1 per cent cephalin emulsion. This procedure is timed so 
that the activated serum is ready at the time the plasmas have been at 
60 C. for the ten minute period. 

Tube 1 is prepared containing 2 cc. of activated serum and 1 cc. of 
0.5 per cent sodium chloride solution. 

Tube 2 is prepared containing 2 cc. of serum and 1 cc. of heated nor- 
mal plasma. 
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Tube 3 contains 2 cc. of serum and the 1 cc. of heated plasma from 
the typhoid patient. 

These three tubes are left at room temperature. Tubes containing 
0.5 cc. of citrated horse (or other) plasma are placed in a water bath 
at 40 C. When the three tubes containing the foregoing mixtures have 
stood for two minutes, 0.3 ec. is taken from each and added to the tubes 


of citrated plasma in the water bath and the clotting time noted. This 


is repeated at the end of five minutes after making the serum mixtures, 


after ten, twenty and thirty minutes. The results are given in table 1. 


Laboratory Data 








it Dat ¢ Widad slood Culture Antithrombin Curve 
7 “] 1:160 Positive 1.25, 2.5, 2.86, 2.1, 2.3 
> 0.85, 0.84, 0.7, 0.7 
6 2 Oo; LR dy F464. 1] 
205 12160 Negative 1.25, 4.5, 4.3, 3.5, 2 
" ( 1 2.2 ] 

( ee fh £3. Eis 

0/24/25 Negative Positive 
at Falling : SSe BOS 3:45 J 1.2 

: 1: 164 Negative 
10/29 25 Maintained 1:160 Positive 10, 2:1, 2.0, 1.4, 12 
11 -) Slowly falling 0, 1.9, 2.0, 1.3, 1.4 
11/12/25 Slowly falling 1.4 3, 4.4 0, 3.0 
] 0% Normal 0.8, 0.7, 0.9, 0.9, 1.1 
11 25 9 to 101 1:20 Positive 1.0, 1.2, 1.0, » 1.2 
1] High; maintained LG 1.0, Tl 1.5 
1] 2> High; maintained : 2.0, 3.0, 2.0, 2.3, 3.0 
11/20/2 102 to 103.5 100) Negative 1.0, 1.9, Be 1.4 
11/24/25 12 to 108 LS 12,. 12 0.9 
8.6 to 101 1.0, 2.7, 22 | 
1/28 25 101 to 104 Negative Negative 1.0; Dek Bde 12 
) : 8.6 to 100 Negative LA, ta, Bah 2.7 

$25 1:160 : 
8 8/25 102 to 104.5 1:80 Negative Le 22, 2a 44,431 
8/25 Falling 1:80 Positive 1G; 32 24, 23,43 
10 12/18/25 Falling, 102 to 1% 1:160 Positive L3, 14, 38, 24,2a 
1/ 4/26 Normal ; 06 G8 19, 1.0.17 
1/14/26 Normal 0.6, 0.5, 0.8, 1.0, 1.1 
1/21/26 191 to 104 1:160 Positive 1.4, 2.1, 1.4, 1.3 
1/25/26 101 to 105 ase 1.0, 1.2, 14 I6,136 
2/ 1/26 97.5 to 101 09,10, 12, 27 0 
12526 High; maintained L320 Positive 1.0, 0.8, 0.7, 0.8, 1.2 
2/ 1/26 Falling ? ; Ld, 1.4, 2.0, 3.4, 2.9 
2/16/26 Nornial : vegas seis 06, C7, 2-2, 3.1, i 
1: 2/16/26 High; maintained ews 1.0, 1.6, 2.0, 2.0, 1.9 


F 
testing as unity and calculate the clotting time with the other tubes as 


If we represent the clotting time of the control tube at each time ¢ 


decimals of this, we get the following for normal plasma: 0.9-1.0-1.2- 
1.0-1.02; and for the typhoid plasma 1.0-1.6-1.95-2.0-1.85. This 
method of expression means that the curve of antithrombic activity 
in both the normal and typhoid plasma reaches its maximum after 
ten or twenty minutes standing with the serum, and that the antithrombin 
in the typhoid plasma destroys the thrombin of the activated serum at 
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twice the rate of the control. Variations with normal plasma may be 
found ranging between 0.8 and 1.3, but we have found all typhoid 
cases to have plasma giving a curve the peak of which usually exceeds 2. 
We have chosen this method of expression of the curve of antithrombic 
activity in the different plasmas as most nearly depicting what we desire 
to show. It is, of course, quite similar in manner of expression to the 
gold curve for spinal fluid. 

Table 2 gives the results of antithrombic tests on the plasma from 
typhoid cases (diagnosis verified by Widal or blood culture) and on a 
number of other plasmas in normal persons and patients suffering from 
various diseases. 

In table 2, are listed all the typhoid fever cases that have been 
available for study in the Cincinnati General Hospital since Oct. 1, 1925. 
Some of these patients had been sick for several weeks and had a 
falling temperature on admission. We have indicated in one column of 
the table the temperature behavior, since that has considerable signifi- 
cance in interpreting our results. Of the thirteen cases presented, 
all but three gave an antithrombic curve exceeding 2 at some point. Of 
the three exceptions, patient 3 (maximum 1.9) and patient 9 (maxi- 
mum 1.6) had falling temperatures when the blood samples were 
obtained, while case 6 (maximum 1.9) was a very mild case. 

In one case, case 7, the first blood taken for a Widal test was 
reported negative (Nov. 28) and the diagnosis of typhoid fever was 
seriously doubted. Our test gave a maximum of 2.7 in the antithrombic 
curve December 1, so the Widal test was repeated December 4, and 
found positive in dilution of 1: 160. 

The antithrombic curve diminishes as the fever abates in most cases, 
and in most of the blood samples taken after the temperature has been 
normal for some time the antithrombic content has been less than 
normal. 

In one case, case 5, the first two samples of plasma showed no 
increased antithrombic content, while the third one showed a great 
increase, with the peak at 3. Another case, case 12, showed a normal 
reaction at the first test, and later gave the typical increase in 
antithrombin. 

Of the several hundred plasmas tested by us since last October, a 
few have given antithrombic curves within the range of those listed in 
table 2. We have grouped these tests in table 3 along with tests on 
plasmas of patients suffering with miliary or pulmonary tuberculosis, or 
both. Of these cases listed in this table only two presented any possi- 
bility of confusion with typhoid fever at the time the blood was drawn. 
Of these two, patient 14 was a boy with a high maintained fever for two 
days before typical lobar pneumonia findings developed. There was a 
high polymorphonuclear leukocytosis from the onset, however, so the 
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chance for confusion with typhoid fever was slight Che other, 
patient 15, had a fever for only two days. Her leukocyte count was 
+900 with 55 per cent lymphocytes. She appeared to be suffering from 
an influenzal infection. The Widal test in both cases was negative. 


We have had a number of cases that have somewhat similated typhoid 


fever clinically for a few days, and have given high antithrombic curves, 


only to develop jaundice later and appear as frank cholecystitis or 
catarrhal hepatitis. These we have not listed in our tables of results 


because we early discovered that any increase of bile salts in the blood 


would destroy thrombin just as does the blood antithrombin. We, there 
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fore, do not perform the test on the blood of jaundiced patients 
Occasionally a patient with a high antithrombin curve will delay the 
appearance of jaundice for a few days, but practically always the van den 
Bergh reaction for bile pigment will be positive as early as the anti- 
thrombic increase is evident in those cases that later do develop jaundice. 

he next six cases in table 3, cases 16, 17, 18, 19, 20 and 21, gave 
antithrombic readings of the range found in typhoid fever, but none of 
these patients had fever, so no difficulty in differential diagnosis arose. 
Four of these were cases of vascular syphilis, with more or less decom 


pensation; one was tuberculous adenitis, and the other, case 16, had a 


chronic infection of undetermined type—all were distinctly chronic 
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infections. We have often found an antithrombin increase in various 
states of chronic infection, but not often of the degree found in these 
six cases. The upper limit in such infections as pulmonary tuberculosis, 
streptococcic endocarditis, furunculosis, ete., is usually around 1.6 or less. 

The next four cases listed in table 3 are cases of miliary tuber 
culosis, two of them also with far advanced pulmonary tuberculosis 
and one with meningitis, while the fifth had far advanced pulmonar 
tuberculosis and a brief meningitis, which was thought to be syphilis 
The antithrombin curves here are highly significant, since miliary tube1 
culosis is one of the diseases most often confused with ty | 
and in which the differential diagnosis is most difficult. .\ negative 
Widal and blood culture do not rule out tvphoid fever, and with the 
clinical pictures of the two conditions so similar, one is often Kept 11 
considerable doubt. It is, therefore, very important to note that the 
antithrombin curve is entirely dissimilar in the two conditions, the 


1 


miliary tuberculosis having constantly less than normal values, thus 


TVphnoid 
I I(t 


differentiating this condition sharply from fever with its larg: 
excess of antithrombin. 

The last seven cases lhsted were chosen from among the inmates ot 
the Branch Hospital for Tuberculosis, to demonstrate the antithrombin 


curves associated with various stages of pulmonary tuberculosis. .\ctive 
pulmonary tuberculosis, uncomplicated by other infections, always 
exhibits an increase in the blood antithrombin \s the infection sub 
sides, the antithrombin also returns to normal. We believe the reason 
for the continuance of many pulmonary hemorrhages in tuberculosis 
lies mainly in this condition of the blood, with the immediate cause of 
the onset of bleeding being the erosion of a vessel by the destructive 
process. 


COM MENT 


In our measurement of the antithrombin production in typhoid fever 
we have demonstrated a reaction constantly associated with this disease 
and but rarely found in other conditions that might be confused clini- 
cally with typhoid fever. That it should be found in certain afebrile 
conditions such as vascular syphilis with decompensation, pericarditis 
and tuberculous adenitis does not detract from its value in the diagnosis 
of typhoid fever. The only two confusing cases found were those of 
patient 15 with a two day fever and patient 14, who promptly developed 
lobar pneumonia. We have constantly found pneumonia itself to be 
just the opposite of typhoid in its antithrombin production, so no 
difficulty of differentiation presents. 

It is fortunate that two diseases with which typhoid fever are most 
often confused, early pneumonia and miliary tuberculosis, should present 
antithrombic curves so widely divergent from those of tvphoid fever. 
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It is as vet bevond our ability to explain the significance of this 
great antithrombin production in typhoid fever. We believe it to be 
the first step in the immunity reaction, the back swing of the pendulum 
that must precede the swing to positive immunity. This phase of the 
matter is receiving our attention at present, and offers a most interesting 
lead into the study of the immune mechanism 

ne point in our work seems evident, that we here have the expla- 
nation for the bleeding tendency so constantly associated with typhoid 
fever. The physical erosion by the ulcers provides the opportunity for 
the onset of intestinal bleeding, it is true, but the reason for the danger- 
- of such bleeding, and for the epistaxis, lies in the altered 
condition of the blood as here demonstrated. In another article we will 
discuss this blood change in its relation to a variety of conditions exhibit- 
ing a hemorrhagic tendency. 

It is hoped that this report will stimulate others to try the test in 
available typhoid fever cases so that its true worth and significance may 
be ascertained. Our supply of clinical material is so limited that vears 
of waiting would be necessary for collecting the needed laboratory data 


from the cases we have in this place alone. 


SUMMARY O! RESULTS 


lhe results of tests on thirteen typhoid patients demonstrate a 
high antithrombin production during the febrile period, with practically 
twice the normal antithrombin content in every case. 

2. All but two of the nontyphoid cases that showed this high anti 
thrombin production were afebrile cases of a distinctly chronic character, 
so that no confusion in diagnosis was possible. One of the two excep- 
tions was a boy with high fever, negative physical findings and high 
leukocytosis, who two days later developed typical lobar pneumonia. 
The leukocytosis here would have practically ruled out typhoid fever. 
The other exception was a young girl whose fever lasted only two days, 
and on whom no diagnosis was made before discharge from the hospital. 

3. Miliary tuberculosis, so often confused with typhoid fever, is 
entirely different in its antithrombin curve. Here, instead of a great 
excess of antithrombin, there is actually less than normal. This gives a 
differential diagnostic point that promises to be of great value. 

4. A logical basis is established for explaining the hemorrhagic 
tendency in typhoid fever. 

















Book Reviews 


ON THE Heart. By Ricuarp C. Casotr, M.D., Professor of Medicine and 
Ethics, Harvard University Pp. 781; 163 illustrations. Clotl 
Philadelphia: W. B. Saunders Company, 1926 





This book represents an approach to the 

\ careful study and statistical 

ut of a total of 4,000 necropsies at the Massach 
i 


1896 and 








919 is presented. Thus we learn 





examined at necropsy at this hospital during 














cardiovascular lesion; also, after making certai t 
cardiovascular lesion is an important factor leatl 
\s Cabot states, no similar book or study exists is he knows. It 
infortunate, however, that it is not possible to ol ecropsies in all « 
irge series of fatal cases in which cardiovascular vas eithe lagnost 
suspected. Such a study might alter, to a certain extent at 
f the conclusions; some support for this cor is to be f by t 
t table 5, in which the incidence of the s forms eart disease 1 
riven for each 1,000 necropsies performed 
The work is divided into twelve chapters and a tinal summary of the 
The first chapter is given over to the incidence, frequency and type of cardia 
disease and the remaining chapters are devoted to case reports, protocols and 
comment These reports do not represent the work of one person but 


the combined observation and study of a large group of the medical staff; 


Cabot has compiled and edited the statistics and various facts 


irom them and has drawn certain conclusions, some of which are rather start 
ling both in that they seem too dogmatic and at times radical; particularly 
is this true, in regard to mitral regurgitation and myocarditis The words 





must,” “always” and “never” should be deleted from medical literature 
If the book is read with due consideration of the shortcomings incident 

to statistical compilations and with a knowledge of contemperary writings 

on this subject, it will prove to be interesting and valuable, particularly, 


that it is so well written and by a clinician of such large experience 


RHEUMATIC HEART DisEAseE. By Carey F. Coomss, M.D., F.R.C.P., (Lonpo> 
with an introduction by F. J. Poynton, M.D., F.R.C.P. (Lonpon). Pp. 376: 
51 illustrations. Price, $4.50. New York: William Wood & Co., 1924 


The opening sentence in the preface is rather surprising. The author states 
that it “is a remarkable fact that so familiar a feature of everyday practice 
as rheumatic heart disease has not hitherto been made the subject of a mono- 
graph.” This treatise is not a compilation or a critical review of the work 
of others, but represents a long personal study and survey of the disease as 
it has occurred in the experience of the author. There is, however, a short 
bibliography at the end of each chapter and an excellent index is appended 
Dr. Poynton suggested this problem to the author in 1903 and an intensive study 
and survey were made in Bristol during the next twenty years. The work was 
further stimulated by the interest of Sir Clifford Allbutt and greatly aided by 
several grants from the Medical Research Council. The book is well illustrated 
and is divided into eleven chapters which discuss in detail the etiology, histology, 
physiology, pathology, symptomatology, diagnosis, course, prognosis, treatment 
and prevention. Of greatest practical value to the student and clinician are the 
chapters on physical signs, and on the course and prognosis; the latter is, 
indeed, a very important and valuable contribution. The author is cognizant 
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f the organized campaign which is being waged in America against heart 
disease and commends it highly, particularly the matter of placing cardiac 
cripples in suitable and remunerative employment. 


aclon Y Fiurrer AuRICULAR. By Dr. MANUEL VELA GONZALEZ. Seville: 


lipografia de Gerones. 
the author on the 


It 


This monograph of fifty-seven pages is the address by 
on of his induction into the Royal Academy of Medicine of Seville. 
fusely illustrated with polygraph tracings and electrocardiograms, repre- 
ting the results of the study of twenty-two cases of auricular fibrillation 
flutter 

ost of the 


paper is taken up with a discussion of the action of quinidine 
His review of the literature shows that of 379 patients treated 


ese Cases. 
s drug, the normal rhythm was restored in 190, almost exactly 
the basis of the circus movement theory of Mines and Garry, which has 
ween elaborated by Lewis and Mackenzie, he has attempted to explain the 
ion of the drug. While digitalization can produce an improvement in the 
by bringing on heart block, quinidine action on the auricle itself, by 
tory period, may bring it about that the entire 


I 2g ot the refract 
s filled by the contraction wave and the refractory period, and thus 


thi half. 


1e contractions of the auricle. 
persons are very susceptible to this 
and cannot tolerate it. For that reason medication must be initiated 
1 doses and discontinued if any untoward symptoms occur. Finally 
restore compensation. 


must not be forgotten that some 


sma 
restoration ot the normal rhythm does not necessarily 
decompensated cases digitalis may be required to increase the force of 
as the two drugs are mutually antagonistic, the tonic effect 


heart beat, and 
more than the quinidine effect. Alternation 


digitalis may be needed 
age may then be indicated. 





